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ABSTRACT 


The crystal and molecular structure of hexakis (dimethyl- 
formamide)iron(III) perchlorate, Fe(DMF),(C%0,),, 
has been determined from 1164 independent, non-zero reflec- 
TLONSeCOLIeGCLed Using Mo"KG radiuation. The crystal data 
are: Space, group. C2/C, a=" 20.504" 0.0094, Diet or. Oa 
a 0.003A, c= Veta of o1At Bem O. 50 2 OOS °secdensaty i438 
g27cue (by flotation) = 1e45o0g. /eme we (2=4)5,- vee 3622.8A . 
The structure has been refined by full-matrix least squares 
retanement CO a Conventional R-ractror (OL 6. /%— ~The nolecile 
Ese tOnveewith ther octanedrally coordinated’ 2ronvatom of the 
CaLrlon sittin omOle aleLiver stor centre. "Ine coordinatitons of 
the three non-equivalent nitrogen are planar. One anion is 
Tequlved fo sit on a CWOLOld, ax1sy the Otier two 1h general 
positaens. *AIN™ three exhibiec considerable thermal motion 

The CLryscait ana molecular Structure Ore trzs (dimetnyl— 
GLtniophosphineto)cthromium(iit);, Cr (s,PMejo)*,7 has” been 
Ge cermined,. Us@ng CU KO, Dadlatiz One Thet crystal data ere: 
Space GLoup P2327, 25, a= 9.25 +0.001A, b = Dates so StoMOGoR | 
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1894.6A , dentsity aliisie+. 0.02) g.vicme” 
(SU 7Etotatlion) ; Lee od g.yemee (sah) - A qu@nead ©be i1Sasy 
independent, non-zero reflections were used and refined by 
full-matrix least sgqures to final unweighted and weighted 
residuals Of 0.057 and#0O.00l "respectively. “The approximate 
D, symmetry of the molecule is destroyed by the bending of 


each iivgand along a Vine Jouning the two sulphur atoms of 


each ligand. 
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The crystal and molecular structure of bts (dimethyl- 
Githwephospnanatojycobalte( LT), CotSe PMes jis has been 
Getermined, using Mo KG radiation. The crystal data are: 
Spaces group —Pccn, “al7= 15.446 + 0.0014, Diao. OSs 0.001A, 
c= oe anor clo Tae V= iMeie fan 9 density OF. P2OreO 006g . 


3 (by flotation), 1.714 g./com.°? (z=4). Refinement of 


fom. 
Slownon a Zemo Intensive ieseby, full-matrix deact (squares 

Gaye someconventione ly R=—tacton, Of 3.6%. The “structure is 
polymeric with infinite whains in the {001}) direction and 
Pomc woman tcexenplesOrcmcUuChmamotructure a newiLch, tne 
Dwuaging ligand “contains rtcwo sulphur atoms. tne coba le 
AcOMSml te eON MtWwOLOld =axeSmmeas) required bY Symmetry ,- and 
the expected *tetrancdral coordination Sire "maintained. 

The erystalb-“and molecular structure of bts (dimethyl- 
adi thilophosphinato) oxovanadium (1V), VOCS SPMe >) os has been 
determined, susrnig Cus KOT Adtat On ene: cLyeStal data are: 
space group eric y a= 10.889 +0.002A, b= 12.072 + 0.002A, 


© 
3A, lA density 


° 
Cm eLOE 0 oa 0 Olay = Oo 1.0'S 20.0) a,5V 


3 (by flotation), 1.571 g./cem.* (z=4). 


eo sare OntO) Lee /.COMms 
The structure was solved by direct methods and has refined 
TOeke= OL O59 we nes coordination oOfethe vanadium atom is 
Square pyramidal and the apical oxygen-vanadium bond 

length is Wes a atspae There ES) nNOmCOOTdinatiom to inemvacant 


SistheypoOsittion of the Vanadium atom. Ligand geometry a5 


Strongly imtiluenced by intramolecular torces.. 
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The work done for this thesis involves X-ray 
difitraction. Undefined symbols have their standard 
erystallographic meaning and are defined in Appendix 
A. The standard theoretical and experimental 


: : 1 
procedures may be found in detail elsewhere. Caale 
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{HEXAKIS (DIMETHYLFORMAMIDE) IRON (III) PERCHLORATE 


INTRODUCTION 


Interest in the line broadening effects in n.m.r. 
spectroscopy lead to the investigation of the series 


M(DMF) (C20,)_ where 
x ane 
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dimethylformamide 
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This effect is partially dependent on the distance 
between the metal atom and the hydrogen atom attached to 


the chain carbon of the dimethylformamide group. The 


factorminvolvedsis ~ where r is defined by 
i 
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Matwiyoff*® estimated this distance using published values 
for bond angles and bond lengths°® of the DMF molecule 
and the metal ion under consideration. Acceptable 
agreement between experimental and theoretical values of 
Net shee icila,mustng «the. calculatedsadietance, was not 
realised however. 
Consequently the crystal structure of hexakts (dimethyl- 


EOrmamiaejiaron cil) perchlorate, 
I 
[(Me,NCHO) Fe Selo ) 
2 6 4 3 


was undertaken to try and establish the distance r. 
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The bright yellow prisms of Fe(DMF).,(C%0,)3,kindly 
SUD pom Val tC naN saeco Angerman,° were prepared by the 
reaction of FeCh,,,AgC20, and DMF in» the presence of 
moOlecularesieves and under, vacuum. —-Abter £1ltering off 
Liemprec pitated salver cnhloridesandsdisctilling oft 
the excess DMF, crystals very sensitive to moisture were 
formed. The analysis figures as supplied by Dr. Angerman 


are as follows; 
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Calculated: 5. JAS LO .@28 27 o 3OS 
Found: 5238 10.66% BY 5 BOYS 
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Coll oa om and, Reduction OL Data 

Preliminany Weissenberg (hO, hit, hkO, hkl) and 
precession (nkO, “OkL) photograpis, Caken with, Cu, Ka 
(A = 1.5418A) and Mo Ka (i = 0.7107A) radiation 


respectively exhibited the following systematic absences: 
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These absences correspond to the space groups ce(cl, NO. 9) 


or Oe Me Ger IN@ 5 ILSy)) 2 The unit cell dimensions were 
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The errors in the cell parameters were obtained from 
thePverrors in reciprocal #latwicemspacings, evwimchawere 
calculated by least squares anal yistisal a” The camera was 
CcCabrormated "by Comparison Ofereswlts sfrom var vasa L 
determination “using the Picker dillitractometer sy) ithe 
experimental density, measured by etereateton ina 
chlorobenzene and bromobenzene mixture, was 1.43 Gace 
Trervahue@calicularted "lomeamiormularwelgqhteot «792267. 4am .u., 
aeunie ecel] Evolume of 3622.8A°, and Z=4 was 1.453 Gre /em ac 

Wr ingeiahk@set Vol tdatatwasteol ected Gusing Kthe 
Weissenberg equi-inclination film technique with Ni 
HEPCeLod ser Kyeradtaticn .salworcuySstalsy of mayonidinensi ons 
(OF LG-emm 22x = Ol Omimm > =X PO Pais lm)? aird- (Oh3: Mme 0.24 mm. 
~7Oe2O0 "im. ) ) “were mounted on’ glass =iibres andtdipped in 
shellac to prevent decomposition and had their b and c axes 
respectively, aligned coincident “with%the yrotationtaxis of 
themcamera.eeReciprocal@lattice Vevels" (hOt-ehl le) and 
(nko) —*hke2yawere collected and U530"above "background 
intensities were estimated by visual comparison with an 
Hyeenouty sto. Sbata nedicticonewastdonesusingsthetmethod 
GCLAHaM Leon, sholletteand Sparks® and the usual Lorentz 
andepolariuzZation corrections were applied The dimensions 
of theerwoecrystals were carefully measured and absorption 
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, 9 5 ; 
corrections (Ue = 62763" cm. ) were made’; transmission 
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Gactors*were in the range 0.249 = 0.2402. <Unit»sweight owas 
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appl iedmtogel lgreftlectionsr during! refinement . 
iIntensityedataswere collected also on ‘a Philips 
PALLREDELULiy automated diffractometer with Mo Ka 
radiation (A = 0.7107A) monochromatised by the (002) 
TerLectLronsOl ea Graphite crystal. and usings.al tubestake— 
OLm@sang he.Of 16. 0°. (The prism weed) for data, collection, 
whiachehedema yor dimensions 1.0, s60nm, ~~ 0.42 mmeetX OSlL2 mm, 
was mounted on a glass fibre and then dipped in shellac 
solution to prevent decomposition. The crystal was 
MOUNCCOMWLED 1 tSm@b-axis coOincidentywith the @—-axis of 
‘the diffractometer. The Crys Covleewe carlos Ol Cilmi OMe tine 
source while the distance from the ‘source “to ther circular 
aperture of-the detector was 10.0 cm. The source 
collimator was) 02039 “inches in diameter. Intensities 
were measured using a scintillation counter with the pulse 
height analyser set to accept approximately 90% of the 
transmitted peak when the window was centered on the ka 
peak. The equi-inclination technique and a moving crystal- 
stationary counter (w-scan) scanning procedure were 
employed. A. scan speed 1.0°/minute was used at all times. 
Reciprocal lattice levels hO& - hl1& were scanned, but 
as the PAILRED diffractometer uses Weissenberg geometry 
due allowances had to be made Lor stnew expansion sor the 
Feftlection as Ul, the equi-incelination angie, was increased. 
This necessitated increasing the circular aperture from 
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Stationary background counts were measured for twenty 
seconds immediately before and after each scan. A total 
orms4Us independentereflections wene, scanned with 20) = 62.0°- 
Nine zero layer reflections were monitored after each layer 
tovcheckSronecnystal@and@telectronicminstabmii ty ia No 
systematic trend was evident and the maximum intensity 
variation was approximately 10%. These data were then used 
COSPUChRaALICdAaAta onto eayconmonsscaler Thirteen very 
intense reflections whose count ratios exceeded the linear 
response range of the counting system were remeasured at a 
lower power, obtained by lowering the milliamperage and 
voltagevonethe X=nayutube. VO scale these retlectitons? to 
anlevel sconmonewrth thetrestwtotithetdatay, _fiverintense 
reflections at “full *power) were alsormeasunedvatethe same 
reduced power and the resulting intensity ratios “were 
then used as atscaling factor: 

Experimental data were corrected for background 
assuming a linear variation over the scan range. | fhe 
integrated intensities obtained were then corrected for 


Borentz andepolarizati~on effects, Werssenberg  iqeometry, 
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and a relatively scaled set of eo and |F le Calculated 
fe) 
A total of 1164 independent intensities were found to be 


statist vcablye sagnaiiccante wsing mathe: dualiacr iveraiac 


I>O0 and A) Ss OigSi5 
where I = T - TB 
IGG 3 UGS eA yy 
and 
Tea=epeak count 
Bas COca background coun. 
t= sratto Ofe peak scountingmetime to. the totai@backGoround 
COUMe LING Gimeec. tage Os Stee) 
Only these statistically significant reflections were 
used during the subsequent refinement. Standard deviations 


in Fe WehemQen Dyed srnometiemstandardpdevtatllonse ct. Lie 
5 ; ea ys : 1 
experimental intensities, according to Doedens and Ibers, 


USiiGeenme uncertainiuy wmactor, pp, 1Or 0,065), Tnewwergnting 


scheme weed throughout the refinement was w= - AG | 
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In the final stages of refinement absorption corrections 

were applied to these data.” The enystal was, accurately 
-1 

measured and absorption corrections ae =" / 164 scme ©) 


AppuLedeLOwle andor). slhe calculated transmissaonetaccons 


were in the range 0.824 - 0.924. 
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SOLUTION AND REFINEMENT OF THE STRUCTURE 


Theespace: GrouplcC2yc awas HinitialWlyerprefrerred as a 
resulluwmome the obsenvatwvon tthativell stormed terystalismthad 
symmetry 2/m. The choice of space group received additional 
Suppor tesnom thesdistripution ofethe vector speaks! -(ai.vin) 
in the three dimensional Patterson map calculated from the 
fHitlm datas: 

Density measurements had indicated that there were 
BOULresLOLMU La, units)  pemmunto cal ly. SfThe space gquiouwp C2/c inas 
CigGiomgencrals POSLULoOnsatnuc evestii ching Ene wiron fafom sto 
a ‘special ‘position; the ‘choices’ here, because of ‘the 
expected octahedral coordination of the iron atoms were 
inive Wsvonrcentres jon thwotoldtaxres IE the tunit cell contains 
twelve perchlorate ions and assuming that they are tetra- 
hedraleand not dacordered, “the "only special positions 
compatible with the Td symmetry of the ions are twofold 
axes. The twelve ions may be distributed as follows: 

(aje Three tons lying on cach of the four -ewoLrold axes; 
where, for example, the chlorine atoms would have 
GOGr cama t esmiC Oriya ra) a) (Onoda asic (On ope This 
arrangement, while possible, is extremely unlikely because 
Ofsthesndestabulising influence, of @thesrepulsivesitonces 
that would be expected eon the close approach .oL Lons of 
the same charge. 

(Db) sbaghtepemchlonates ions ins Generalevposi tion Susana 


DOLL O lomOTeiw Ol OC am eis. This arrangement allows three 
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ions to be grouped around each iron atom at approximately 
equal distances and hence was preferred. 

The position of the iron atom and the space group 
were found by analysis of the Patterson map with reference 
COmMcNCeRarkersvectons: LODeC2/cr andace thatvanre Lvecedimin 
Tables 1-4. The two largests peaks, of equal height, were 
found at (0,%,%) and (%,0,%) and these are consistent 
WLENSs ane LhOn alton Sitting on an inversion centre at special 
POStel Ons, Cl eWYKCOLL NOtatwon, Cc, OL detlc was used, (3,536 35) ] 
OLS Pace mC aOUp Cay Cir Space group Cc would only have been 
possible wt the yrooordinate had been (0725 exactly, and this 
Wac @unwukely . Special positions a and beof,C2/c would, have 
also required the y coordinate to have been 0.25. 

The 'general' chlorine was located by deducing the 


expected Fe-Ck vectors as follows: 


G 
Fong oo Ren 2 Si Sy RAG 
6440 4+tX , yt+y, +Z he 4t+Y, poe 4+X , 4-Vy eZ 


The next three largest peaks were consistent with these 
vectors and produced coordinates (-0.154, ORM eee Olen le2e/ 5) 

Lor Cha: Them special chiorine, Choy was easily found 
using the Harker vectors listed in Table 3 and had 
COOL at Se Sele Oe 0 98,8 Ono) ee Dine SwueCeS Sit 
TdenturLocation of the iron-iron, a.ron=chlorine and chilorine= 


chlorine vectors strongly supported the space group C2/c. 
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These heavy atom coordinates were inserted into a 
structure factor calculation’* and an Lana Fourier was 
computed.?? Twelve out of the remaining nineteen light 
atoms were located and then these atoms were subjected 
LOSewOucyCcles of sasotropic Least ‘squares refinement 
eplting: 12 Wyse Gye tlleol-le lvele,b- A difference 
Fourier was computed and all remaining atoms except the 
oxygen atoms attached to the "“general' chlorine were 
found. Four more cycles of refinement reduced R to 
Os259and the remaining = lightwatems were founds from a 
difference Fourier. Three cycles of refinement with all 
aALOMsm SCOLDOpDICGnGavcean  Reindesx.of Of 217. “Analysis or 
the observed and calculated structure factors showed the 
Pilim datas to bénunreliable on comparing the calculated 
and observed structure factors and a new set of data was 
collected on the PATLRED diffractometer. 

Refinement using the atomic parameters from film 
data, analysis and the PATLRED structure factors gave la 
Gusccrebancy sindexmof 0.2oo after ecircomcycol es eA 
difference Fourier computed at this stage showed atoms 
04-69, —'Cel and C32 had been asistqned incorrect (atomic 
positions. Mhe atoms were inserted wath thein comrect 


eoordinates and seven cycles of isotropic refinement 


each wweAcl IR je@ (0)4 IL'sts) 
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Absorption and decomposition corrections were 
performed next and the iron and perchlorate groups were 
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RESULTS 


Figure 1 shows the spatial arrangement of the ions 
On Fe (DMF), (C20, ), and the atom numbering scheme. 
Figure 2 is a view of the cation showing the thermal 


ellipsoids .of vibration.!8 


The two anions are 
Teluseracced InN ELoures Seanded oo Table 3 lists tthe 
final calculated and observed structure amplitudes. 
Tapses> reports the iractionawl coordinates Band 1sotmopic 
temperature factors (where applicable) for the atoms 
Ofethiceasymmetrac unrt. SAN Sotropic thermal, parameters 
are, listed an Table Of setables 7-12 contain data on 


molecular bond lengths, angles) ,imter=10n, approach 


distances . and vLeast. squanes splanecy. 
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DISCUSSION 


The cation has the expected octahedral coordination 
with the mean O-Fe-o angle being ¢o.6°." Table 14 
compares bond length and bond angles for other formamide 
compounds. The iron-oxygen distances show good agree- 


ment and compare well with “those in other “Compounds. 


° 
Compound Fe-0O(A) Reference 
Fe (DMF), (CL0O,) , ae oSE Go.) i 
Fe(acac), 12992 ie) 
FecC%, (DMSO), 21006) (6) 20 


The geometry of the coordinated dimethylformamide ligand 
in this structure can be compared with that observed in 


other complexes and with the geometry of the free ligand. 


Table 14 
° ° A 
Compound O-C (A) C-N(A) O-C-N (Deg) Ref. 
Fe (DMF). (C20, ) 3 ieee Co) AL ores aT a 126276 C120) ae 
SbCX5 + DMF 13 0.0/0.0 \eal Se 2S fe Gls) dk 2.0) 315, G8.9)) au 
[Co(saX)],+0,°* (DMF) >» De ore, Clee ele lars da Oral) ped oR A rE) PD 
Nal- (DMF) 3 Dy oe Sat) 1.34 (4) 123. 56.62 0) 25 
DMF * 12.0 UE Be 2 r0 24 
HCONH, Pee bold Ie OsG13 |) Lie dees 25 


* 
eSvecewonmcalt tisac ton 


(Numbers in parentheses are’ estimated standard deviations 


occurring in the last digits listed.) 
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The carbonyl oxygen of the DMF ligand acts as the 
donor atom and this has been shown to be a frequent 
GCoocurwmencemLoy, Biides® “=e The length of the oxygen-carbon 
DONGescems CO De significantly Longer ethan in the =tree 
Bigand.eene COUSeQueNnce Of this donor iAnteractiom isithat 
there is an electron density withdrawal from the oxygen 
atom thus causing a reduction in the bond order and hence 
an increase in bond length.~* The, coordinaLilonuscom tne 
nitrogen atom is planar (see Table 12), within experimental 
GrLor,e. Oreall) three non-equivalent "DMF groups, compared 


to the nearly planar framework of free DME S- 


DMF may be represented as two resonance forms: 


H H Me 
Scone Sea 
~O Me 
T 


The electron density increase which the carbonyl carbon 
atom experiences when the complex is formed increases the 
O-bond order of the carbon-nitrogen bond in the OCN group. 
Ther errect Of this would be togincerease the I-bond jonder 

Gf the mi trogen-carbon bond because jof the electron density 
withdrawal from the amide increases the delocalisation of 
theslonespair of electrons of the nitrogen atoms .e. athe 
contribution of resonance form II is increased. These 
changes in 0 and T-bond orders may be expected to cause 


a decrease in the length of the carbon-nitrogen bond when 
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compared to the free donor, however, the value of 1.34(4)A 
founduby Vilkov et al" for, free DME is not. of sufficient 
accuracy to be able to show any significant deviation from 
the observed mean value of 1.311(13)A. Lide's?? proposed 
value of acto fox sp? hybridized carbon in free amides 
does tendesupport to this arguments | Archambault and 
Rivest! have reported spectroscopic evidence for the 
shortening of the carbon-nitrogen bond in adducts of 

with titanium(IV) halides when compared to free DMF. Brun 
Din teh’ reported a nitrogen-methyl carbon length of 
1.504(36)A for SbCL, *DMF, as compared to 1.45(2)A for Eree 
DMF,7° and suggested that this was due to the increasing 
contribution from the number II resonance form of DMF. 

The value of 1.451(28)A for the Dond fength inthis 
structure would seem not to support this argument, but 

the estimated corrections in bond length for thermal 


vibrations’? 


can alter the nitrogen-carbon distance by 

° 
as@muchass0 205A); This -could bring the, bond Weng th tor 
Gach compound into good agreement. Gobellon et Pose 
suggested that form I is; the major contributor Co;the 
electronic structure of the DMF ligand and although this 
Structural analysis does lend some credence to the donor 

3+ ; 

Properties: Gf) UME within the Fe(DMr)¢. cation the 


contribution of form II does not seem to be as great as 


in SbCR, *DMF molecu Le. 
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The two perchlorate anions, shown in Figures 3 and 4 
show large thermal ellipsoids for the oxygen atoms which 
anepindives tive of hilgh dynamic disordem< oe The high 
tnhemmalwampiln tudestare consistent withithel rapid fall 
OR Oresugnl Tucante intiensitd ese with saney Wwiands di mits! the 
PpEecwiciontior thesistuuctural analysis. 


Onemofethe purposes of sthasvanalysis wast tomsinastne 


distance between the carbonyl hydrogen atoms and the iron 


aLOmetOneuscein .m,r. Studies.» AS ithe attempt. touting the 


atoms from the final difference Fourier, calculated at 
R = 8,7%, was unsuccessful, the atomic positions were 


. Assuming (i) an sp? 


calculated using vector methods.° 
NyDuvodcataon fOrmesthe *cCarbonsatom, and (Ll) ascarbon— 


° 
hydrogen distance of 1.07A, the three independent iron= 


hycdwogenscontacts can be calculated” as 


we co iil (aeeAeinec tee il) 3.04 
Fe, = Hho) (attached tor C2) 33.02 
Fe, —) HS attached to G3) .s.08 


fo} 
Mean 3 OSA 


° 
This distance is 0.35A longer than that estimated by 
Matwiyoff* and nas been used in calculations Giving 
Satisfactory agreement between experimental and theoret- 


Woeab results. Also this metal-hydrogen distance 26 


i 38 
Considerablysqreater than, 2.59A5for Rucy, [P(C eH )edns 


° 2 . . 
2.8A for trans-{Pd1,[P(C,H,),],}°° and 2.51A (minimum) for 


4 0 


trans-[Co(mesityl), (PEt, Ph),]. Hheslike seis wind IPaliesie wee 


34 
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of these three complexes the hydrogen was effectively the 
Sixth atom Or andistorted octahedra, around the central 
Netaiwatcomeand Lor the third {probably the cause of the 
Tstepping OL the mesityl groups,, no such chemical 
Significance can be attached to the iron-hydrogen distance 


in the ee. DMi Ty, Caeonme 
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In recent years great interest has been aroused in 
ligands that have sulphur as the donor atoms(s), especially 


those systems which show a series of complexes differing 


41-57 
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only in the number of valence electrons. These ligands 


have the form 


p 
sR 
o e 
SR 
n 
Fe ONE oa Ciyary CyHs, CHL, He 
Meee p= Ohl, 2 a eS CON eC, Pay Pte Au, oRD 
n = Bre Pp a OFF ie Ph Bi Mave, (Gas 5 Mo, W, Re, Gor 


P : : , : eet 
The pte ligand systems, \a¥yscovered first wrth Nx 
oer ; adenine i : 
and Co , received initial attention because of the 
stabulasation, of the square planar geometry £or al variety 
of central metals and electron configurations. Also these 
complexes showed, with no change in coordination geometry, 
, ; : 43-46 

anappacent. ease of Oxidation and reduction, thus 
enabling =the study of Similar transition metal compdexes 
an a Series of formal oxidation states. 


The chemistry of these ligands was extended to the 


preparation and characterisation of trts systems that also 


readily underwent electron-transfer reactions without change 


58-63 
in cOooraination. Tnitia Lei nGeLrpretat ons sOmecile 


physical properties assumed D, symmetry Wiltheasdiss Lomued 


59,62 


octahedral coordination about the central metal atom. 
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This symmetry is the most likely because it is common to 
the two extremes, namely oO. (octahedron MS,) and Dan 
Coriuconadapr ism). Distortion of an octahedron may occur 
via (a) compression (or expansion) of the octahedron aon 
a threefold axis, (b) rotatdon of one=halfeot the 


octahedron relative to the other when viewed down a three- 


fold axis as shown below: 


Oran ce a COmMDIinadtion sor (a) jand) (b) 45 Since “the symmetry 


Clacolinc ate on, iD covers the expected range of geometries, 


3° 
it, 1S) nottuserul tas tan: identifying label and the discussions 
emphasise the limiting cases, i.e. octahedral or trigonal 
Deiemat tec COrdina tLON . 

As the spectra of the w&ts systems were not typical 
Ometchemspectra of octahedral (Coltiil) |, wangiordsese Glee 
Suggested the ypossibidity of a trigonal, prismatic on vat 
least, a Strongly trigonally distorted six coordinate 
Seratiene Umer. Three complexes, all with the formula 
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= 6 5 
Miss CoC. Hej ly. where M = Mo, Re, and V have been 


reported to have a trigonal prism of sulphur atoms 


surrounding the central metal atom. Steifel and coworkers®’ 
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have reported that [MeN litt V [seo a(en yeaa.) has a coordina- 
tion between the two extremes of octahedral and trigonal 
coordimatz ons, 

DBhiemstabilmry, of the trigonal prismatic coordination 
hasmbeenmattrtbuted «ein partGyeslOrInterimagand bonding 
forces between the two sulphur atoms, which are consider- 
ably@stronger than in the classical octahedral, tetrahedral, 
or planar complexes. Shortening of metal-sulphur bonds 
might also be expected because of this interaction. 

Other complexes of sulphur containing ligands have 
been studied to investigate the similarities and differ- 
ences from the 1,2 -dithiolene ligands. These systems 


include: 
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The latter group (d) have received attention for a 


Vaile iyo ter easons 5) 6). ¢ . (i) as important Lup Gatun G 

Oil additives and (ii) because the presence of the 
phosphorus atom allows e.s.r. spectroscopy to be used 

TLOmgG Leaver errect ins the structural estudwes of sthese 
complexes. Day et CL have synthesised a series of 
complexes using the (=e RP RD) ligand (e.g. R= Me; Ch, )s ond 
Vat Ousmeran sta OnwietalLsw(G. grt ki t=CO, Crs LV pre, Mo) < 
Three complexes were chosen, CHS 5 Men) VO(S,PMe,), and 


Colon eves) such that comparisons could be made between 


gy U 
representative complexes having a range of coordination 
geometries and to provide structural models as a basis for 


detatledwspectroscopic studies. Other sworkers have also 


Deciminyvestilgating themetructureal strendse ins compl lexco@on 


this gand. and comparisons ‘with the work of gthass “Chesisers 


discussed later. All three structures were unknown and each 


had several possible structures. 


The chromium complex was assigned, on the basis of its 


Spectra > (4.%.,Vis.),u.V-) + a) GCGlulgic@isieecl Ocidaln@cheall Sieisve wwe - 
Ideally the complex would have D, SYMMeGtLY, DUE aloe wexact 


nature of the distortion was unknown. 
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The Co(S,PMe,), complex, on comparing its spectra 
Gia evo Ss ewiethe those lot Cols mC OnE igs a was 
tentatively assigned tetrahedral coordination. Apart 
Frongmaxrked Insolubi lity an many solvents there was ino 
indteatton that the structure would not be monomeric 

Win Grerewreiewsesa @ik VOCS eMe i was of special interest 
Acmtiencos.t. Spectrum exhibited Super hyperfine. sp la tting 
due to the interaction of the unpaired electron with the 
HuclLearwspin (5) Of the 315 nucleii indicating some 
delocarisatrvon onto theiligands. | Also 2t “was hoped) to be 
able to provide data for the investigation of the anomalous 
solvent dependence of spectral properties (u.v.,vis.,i.r., 
Raman) that have been reported for some eh Svyetemsii wa 
these anomalies (shifts of spectral bands) that have been 
atte putedmtosaxia Mm ligatuon i.e. thestormattoi. orcas 1s 
coordinate complex or a change in electronic structure.°° 

For the reasons stated above the structural analyses 


of the Greene Mei. COCs, MGs Joy and NES BS) complexes 


were undertaken. 
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Pare le space Group and Unite Cell Data. 
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initially supplied by D. Day. However, as supplied 
the crystals were unsuitable for X-ray analysis so 
recrystallisation was effected, with difficulty, from 
a solution of 75% absolute ethanol and 25% benzene. 


(Orten mo crystals) would form: if some did they were 


Usuvatliy multipie crystals.) Analysis figures before and 


arter recrystallisation were: 


Cc H S 
Calculated 16.86% 4.24% 45.003 
Found (D.Day) 16.76% 4.54% = 


Found after 


* 
recrystallisation 16.243" 4.16% 41.54% 


Preliminary Weissenberg (Ok - 2k2) and precession 
(OG, shkoO pephotographs 7 ltaken ewi th ICupkotradiation 
(= 15 418A)) AndeMo “Kd! Padtation «(he=]nO27107A)) vespec= 


tively; exhibited the following systematic absences: 
HOO. A = 2atls OkO: k =" 2n+T; O08. 2 = 2n+l 


These absences are consistent with the orthorhombic 
Space group Pee (Dey no. 19). Unit cell dimensions 


Were -obtainea, at 22°C, on a manual Picker 4 circle 


Ce a aaa 


* 
Sulphur determinations are usually 2-3% too small. 
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diffractometer using Cu Ko radiation (i = 1.5405A), 
by accurately centering 15 high 20 reflections 


(26 299.0°). The 26 values obtained were refined by 
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least squares and the axial lengths calculated were: 


° 

oh a9 23 20. 001k abs 9O.0> 
° 

pee ee OO A B= 90.0? 
° 

Cot ete ft Or OO LA X» = 90.0° 


The experimental density, measured by flotation ina 
VINCE peomice solution; “wast 12.512 0.02 quyveme- The 
walue ‘calculated for a formula weight of 427.48 acmiu., 


03 
a unit cell volume of 1894.6A and Z=4 was 1.499 g./cm.? 
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Intensity data were collected on a manual Picker 
4 eireve cat iractoneter, arising, Cu- Koy radiation 
(A = 1.5418a) monochromatised by the (002) reflection of 
argv aphete reorystia le aising a@iaube, take-off .angbLe,,of e/.0°. 
The needle-like crystal, which had approximate dimensions 
(eave 26 6 Sloane © 0:2 2-mma. Wast Mounted on sy.glass: fibre, 
such that the Eye ax ios ewa sorcoincides nt with: thhewdyee xt Sof 
the diffractometer. Piewciysta biwasi 20). Oi omy Tromaoth 
the source and counter windows and the source and counter 
collimators were 1.0 mm. in diameter. Intensities were 
measured using a scintillation counter with the pulse 


height analyser set to accept 96% of the transmitted peak 
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when the window was centered on the Ka peak. A coupled 
w- 26 moving crystal, moving counter technique with a scan 
ratenOtec.O .7/Minute, was Used. to scan ca range or 2.0°) in 
20, centered on the calculated position of the Ka peaka4 
Stationary background counts were measured for Eis ey 
seconds immediately before and after each scan. A total 
Ofelo44ererlections were scanned with 20 = 12070°" A 
periodic check (approximately every twelve hours) of seven 
well distributed reflections showed some instability, in 
the order of 10%, but with no 20,dependence. This, inftorma— 
tion was used to set all data onto a common scale. Seven 
very intense reflections, whose count ratios exceeded the 
linear response range of the counting system were 
remeasured at a lower power, obtained by lowering the 
milliamperage and voltage on the X-ray tube. To scale 
these reflections to a level common with the rest of the 
data, four intense retlections, at full power, were. aiso 
measured at the same reduced power and the resulting 
imcvensity ratios were then used as a Scaling factor. 
Experimental data were corrected for background, 
Assuming a linear variation over the Scan range. The 
integrated intensities obtained were then corrected for 
POLreCieEZewand polarization eftects, and a relatively 
scaled set of peel and Rowe wacecalculated. = It was 


found that 1387 independent intensities were statistically 
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significant using the dual criteria: 


2 45 
Lo OpeeI yy) PE Gy Ay Males each Nr ek: 


where te = total counting time for peak 
T, = total counting time for background 
P,B,,B, = counts of the peak and the two backgrounds 


respectively. 


Only wsthese@statistircallyesignificantrpretlections (were used 
during the subsequent refinement. Sstandardrsdeviationsean 
ba were derived from the; standard deviation, of | the 
experimental intensities according to Doedens and Tboror 
USING wBanmuncencainty factor Day Of 0. O02 malhnepweigieing 
Seneneguseds tuFOughoutithesrerinementewas we ([P |). 
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were applied to these datacn 
hdentificd@as (ode 100; 10014611 Op g1LO% 83 0,eand the 
dimensions were very carefully measured. Equationssfor the 
plane’facesiwere calculatedsassuming one end face tobe (DOO). 
Sight Vanriatrvons (upetoel0t ein the parameters Longchese 
equations were permitted to give optimum agreement between 
theicalcutated- and observedsabsorption curvessforethe noo 
Menlecticns ss obtainedseby rotationgofethelcrystad about the 
Peekismatay =BI0e0°. 
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The calculated transmission factors were in the range 
OM2Z > Gm-sOsooo and vthetvari4ti onein 100 of 40% before 


absorption correction was reduced to approximately 10% 


eLter correct ronster absorption. 
Pav tiget on PAITLRED Data Collection 


Intensity data were collected on a Philips PAILRED 
Lully ausonated diftirmactometer with Cu Ka radiation 
(A = 1.5418a) monochsomatised by the (002) reflection of 
a graphite crystal and using a tube take-off angle of 6.0°. 
THemneceaLe crystal ~used, for data collection, which had 
dimens rens.) 0.090 mm.2% 50.080 mm. ~105400 mm., Swac mounted 
Gneasdtasc Libre with ies ja laxis coincident with the sa) 
axa sot tie dit ractometer. Gthewery sta tL was. 13... 05cm et Om 
Litemcoureecuand. Lp O cm sir om the circular aperture of the 
Sountewa we inaesource collimator was 0.039 anches in diameter, 
Intensities were measured using a scintillation counter 
Wlthetne pulse height analyser set yto aceept approximately 
90% of the transmitted peak when the window was centered 
On sche ko peak. The .equisinelinatwvon stechni quel andaa 
moving crystal-stationary counter (w-scan) scanning 
procedure were employed. A scan speed of 1.0°/minute was 
usedlat ald times. 

Reciprocal lattice levels Ok& - 8k were scanned, 
but as the PAILRED diffractometer uses Weissenberg 


geometry, allowances had to be made for the expansion of 
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the reflection as UU, the equi-inclination, was increased. 
The necessary adjustments in aperture size and 1/2*sean 


widths were as follows: 


Layer L/2 scan. in 17 222 Can fOub) “ADErErre 

Ok&-2kX | 0.8" 8 hed Sa Py Udi 
ah s36 SD fo owe Pet bee 
4k PROS Ey ie GB 
5k jae aes is hag § Ihe 
6kL ap: Se 02.55 Bre 
7KX lipats AED es 4.0- 
8kX Ted eye aL Gree 4.0° 


Stationary background counts were measured for ten 

seconds immediately before and after each scan. A total 
of 3506 independent reflections were scanned with 
fsin0}y/)°= 0-93". Eleven zero layer reflections were 
ehecked, atter each layer, but no reflection deviated, by 
greater than 3.50 from its mean value, thereby indicating 
HOueLyotatuor (electronic unstabitiey. Five very intense 
reflections, whose count ratios exceeded the linear response 
range of the counting system were remeasured at a lower 
power, obtained by lowering the milliamperage and voltage 
on the X-ray tube. To scale these jreflections to a level 
common with the rest of the data, five intense reflections 
at full power were also measured at the same reduced power 
and the resulting intensity ratios were then used as a 
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Experimental data were corrected for background 
assuming a linear variation over the scan range. The 
resulting integrated intensities were then corrected 
for Lorentz and polarization effects, Weissenberg 
Geometry wand as relatively scaled set or pa and fiat, |e 
Calculated 1599 independent intensities were found 


COsvemscatistically signiticants using the dual cra tveridars 


T20feand 212) <0.40 
wheres Ly=eloe—steb 
CEN eo (TAT eB) 
and T = Peak count 


By =Silotalebackqround «count 
Teena bvowohapeakecounting gb2mertopnthe  vto tal 
background counting time i.e. fae tes ie 
Only thesemstatistically ssiqniticanterehlectionsewere 
used during the subsequent refinement. Standard deviations 
al 


in | F | were derived, according to Doedens and Ibers, 
ro) 


from the standard deviations of the experimental intensities 


using ganmuncentaantymtactor, py wot0-06— BTheswerghting 
: 1 
scheme used«throughout the refinement was W= ee Pe. 
O 
ts ; 
AbSonp Ewonmcormectizons (You ae bBi2e Seems ) were applied to 


the data’ after accurately measuring the crystal dimensions 
ancdeascebativelywscaled set of bed and O(F) were obtained. 
themoalcubavedsetransmission factors were sin the range 


Ome mon 0. 414.. 
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SOLUTION AND REFINEMENT OF THE STRUCTURE 
Themsucccesiul structurally solut1on ota) tires 
dimensional Patterson map calculated with the PAILRED 
data, was accomplished by tgassuming sthat the six esilonur 
atoms were octahedrally coordinated to the chromium atom. 
THis assumption implies that’ for a chromium atom with 
COOrdina t Cican C7 uLy > 2) eo ne six sulphur atoms, will have 
eo0ordinates (x, V7 z) (Ax Ay, Az), (n=1-3). The general 
Harker vectors, arising from the vectors between atoms 
related by the symmetry operations of the space group 
are listed in Table 15. The chromium-sulphur ‘image 
vectors — located around each Harker plane, arise aohcs 
the vectors between a chromium atom at one symmetry 
DOsitLron sand the, sulphur atoms jattached’ to a -«chromium 
atom at a symmetry related position. These vectors are 
isastedsinp Taples  Lo-lo." The sulphur-suliphur vectors 
between sulphur atoms attached to symmetry related 
chromium acoms are also listedyin ‘thesice three Tables. 
Inspection of the Patterson map around the origin 
Snowea three distinct (i.¢. not related by symmetry) 
enromaum-sulphuc vectors, hese vectors sare the 
intramolecular chromium-sulphur vectors and as the 
Patterson Map had mmm symmetry at thesorigin, the sign 


combinations for these vectors were as follows: 
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The chromium-sulphur vectors provided the information: 


n=1 Des wee 
| ax, | 0.193 0.067 Deity 
Jay | 0.040 0.066 0.076 
Are 0.150 0.169 0.078 


and sine problem was to find®a consistent. solutzon £or the 
svgns. 

Analysis of the Patterson map using the general 
Havtker vectors, might,Wat'Earst "sight, have been 
complicated by (i) the comparable atomic numbers of 
SGhronwum, “sulphur and phosphorus and ((2:3,) Jthe poscibigacy 
OLeSuUlLphur—csulphur, sulphur-phospnonus), and phosphorus— 
phosphorus vectors being superimposed, thus ‘'building' 

a peak to the height expected for a chromium-chromium 
VecrtOueOnly. However, a detailed analysis cof the vector 
tfapiesmenowed, that this should, only occur 1h any Orptine 
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showed this not to be the case and the chromium-chromium 
MECCORS,; SWwlth a multiplicity sof twop,iwere readily 
identwoLed esAesolution fLornesthe tcoordimates: of the 
Ghromiumeaton (xs: = 02042) .4y, = 02123, # = "0 209) sewacikehien 
simply sobtained .from the largest vectors in the Harker 
planes. 

Any possible solution of the Patterson map must 
be self consistent, therefore only the chromium-sulphur 
image vectors that have the same orientation with respect 
to the Harker planes and the origin may be used; this 
process of elucidating these orientations is an 
application of Buerger's Minimum Function « ° Tapes Lo 
Lists. ail lof iihhnes possible, signgcombinataions tomihe 
three Minimum Functions Met xe; Mou yo and M, (z) for the 
ells positive. tTeglon of, vectormspace.s iThegsigns iof five 


salt cConsictent vector combanations ane dicsted, in 


a bil ee. 20.. 
Table 20 
Minimum Functions Ax, Ay. Az. 
M, (x), M, (y) share + = = 
eer M, (z) share sts + zt: 
Mey are ka) share + a 22 
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PES iOULGnDe.nOLed that cach — OLecombinations are 
relatedebylanvinversiton Centre, eTable 20 implies that 
only image vectors that show a relationship 

(40x gp Avery ee and (-Ax_, HI zee) with respect 
Pomboch evar en planes; spo) andeye=— 5, may. be 
considered as possible Solutions. 

DiemsOluecton now involved analyst of all peake 
anound "each Hatker plane that were at the same distance 
from the planes as were the three chromium-sulphur 
VeECLOroetcom the Ofligin. “As mentioned betomentene 
Paceerson map had mmm symmetry, (eEheretore, initially 
any eOrtentatiton (i.e. any Combination of signs with 
respect to the Harker plane) was allowable because the 
COrrect Orientatron ror the origin wectors was munknown. 
in thas particular case the analysis neededsjtogbe carried 
Sucmaround the Harker planes, x =s"and y= Syonly, 1.e- 
determining MW ae ty) because of the assumption that 
placed a centre of symmetry at the chromiumpatom required 
bounsolutrons, Ax, positive and Ax, negative. In the 
general case an examination of, for example, the peaks 


around the Harker planes, x= 2 andezZe =) se. wou Ld snemove 


the remaining ambiguity. 
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The three origin vectors were used to search the 


vector space around the Harker planes, x = & and y = k, 


and the following sign combinations were found and are 


al seexel aig Geveil@ il. 


Table 21 
M, (x) Mo Cy) ' Magnitude 
Ax, + - + - O93 
Ay, + - + - 0.040 
Az, - + - + O50 
Ax, + - a 02067 
Nz, + - + - 0.169 
Nom + - + - One 57 
Ay; - + - + 0.076 
Az, + - + - On0ds 


sae Waesecnosen as positive and) thewtinal jsigns= of 
ra aan eee. Were fixed by combining thew sions yin 


VYableweclewitn those for My (x) = Moy) in Table? 20; 
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Ax, Ayyr etc. 


The Patterson solution then gave the following 
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These parameters for the seven atoms using 
isotropic thermal parameters and scale factor as 
indicated by a Wilson plot?! were subjected to one 
cycle of least squares refinement using the PAILRED 
G@datakand gave discrepancy indices™*of Ry = 0.39 and 

* 
Ra 0.44 
The positions of the three phosphorus atoms were 


located from an observed Fourier map and the refinement 


May be summarised as follows: 


Cycle(s) Condi Citons R, R, 

il Ci eo Ss YSOErOo EC 0) 4 BY @) 44! 
4 CroymoOs, oF  VSOtrecpac Oe AS 0), 37 
4 Cre Oe eel, OC ed Lees OErop re Omplesy Oh, tb S 
3 ADSOEDELON, “GECOmposi trom, 

Or OS, ean! SP ant SOpr Opaic, 

GEMS SOUL opLe Oe 07 OVO 
Pe Hilivwatoms *anisotroprc Oro a Ores 


Mie above refinement, didsnot inciude any corrections 
: : 14 : 
for anomalous dispersion and a new program which 
took account of this effect, became available at this 
stage. Refinement again terminated with Ry SOAS 


and R, = 0.106 after a further LouneeycLes.. 
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Comparison of the observed and calculated structure 
factors at this point cast considerable doubt, because 
of everysbadsagreement, as to thesquality ofthe PAILRED 
data. Hence a new data set was collected on the Picker 
diffractometer and all vfurther discussion _wilivbe in 
Peserencce LOstotsedata set. Using the atomic coordinates 
fromethe initial data set, refinement again converged 
abretmrivercyles tolR, = 007 0eand Ro = )0.092.. 

Cruickshank and McDonald’* have discussed quanti- 
tatively the effects of anomalous dispersion for non- 
Generosymmetric crystals. Neglect sor Af . (the imaginary 
COmPOnente OL thelanoma Lous scattering). canm@lead to 
SG€ri0us, Coordinate errors in polar space groups. , An even 
more serious error may occur when Af" is allowed for 
and the structure model is the inverse of the true 
structure: TOr pO lamyspaces groups theprelativescoordinate 
G@rrous Will be twice as large.as,theyerror whenAf’ is 
neglected and for nonpolar space groups, e.g. B2,232,7 an 
increase in the mean square thermal vibration amplitude 
QOGUwiIE S - This choice of the snversesmodels aorrespondcs 
tothe ambiguity of the Patterson solution where anginitial 
Si qnuwacetuxecdsarbitarily in this case itowas \ xp epoOs Liiva. 

‘To investigate this effect the inverse oGestic 
Models was derived by reflecting the model Chrough) “a 
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with the thermal parameters transformed as indicated 
by Levy.?? Refinement was continued and convergence 
was achieved after four cycles with Rae 0203 / sand 
Sh. Ee Legoyeul (with four (sin) /A S10.8 reflections 
rejected as they were thought to be suffering from 
Secondary extinction). Comparison off the two solutions 
using Hamilton's statistical test?* showed that the 
second model was very strongly confirmed at the 0.005 
Sszonietoance Level ; 

In the final cycle of refinement no parameter 
changed by more than one sixth of its estimated standard 


5 


deviation. A final difference Fourier map? showed no 


peak higher than Guns a/n. and anv attempt to find the 
methyl hydrogenjatoms was unsuccesstuli. The correct 
choice of the weighting scheme was reflected by the lack 
of dependence of wA?7(A = re teep on ipa and 


(sin8)/A in accordance with Cruickshank's criterion. ?!5 


16 


Bcattering, tractors by Cromer and Waber were used 


throughout the refinement and the anomalous dispersion 


Corree@tionelforichromium (Af f= -0el0ews Ane = —2.6deu),, 

Onocpicruscm(Aten= 0.269, Cf 's> OC Sespmande su Upniian (tee = 

OesUew nt to =) 0, OU0C.) ; appistea CtOnF , were taken from 
Gaclicy, 


1k7 
International Tables of X-ray Crystallography. 
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RESULTS 


Figure 5 is a perspective view of the Cr(S,PMe,), 
molecule indicating the numbering scheme used, while 
Bi gune oO sand = /eshow the molecular packing in) the vab 
and be planes respectively. Table 22> lists the final 
atomic coordinates and equivalent isotropic temperature 
factors sor the asymmetric, unac., “Anasotropic temperature 
factors are Listed sin Table 23) Tables 24-27 contain 
data on molecular bond lengths, angles, intermolecular 
non-bonded contacts, and least squares planes. Table 28 
reporeoumtncutanal Calculated and observed) Structure 


amplitudes. 
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Figure 5 


A perspectiveyaewsorte the Cr(S,PMe,), molecule 


withgo02 probability ellvpsoids. 
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Figure 6 


The molecular packing of Cr(S,PMe,) 


Prompectred) onto, the ab plate. 
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Figuner 7 
Thesmmolecular packing of Cayton e Men). 


progecvued onto the be plane. 
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Table 22 


Final Atomic Coordinates and Equivalent Isotropic 


Temperature) Factors for Cr(S,PMe,) 


Atom x 


Cr GeOVGSS5(1a)" On 


Sl De Io Gree s4) (®). 
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See Or 257 FO.) oF 
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C3 Ora O43 (21. 0;) 0% 
G4n = 0.003 7.(10) 0" 
Cee 03 9S C9 ) 0. 
COme Uae 32.3 (1°35) =O 


a : 
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Ve Zz B,A 

P22 OO CS) Oe 20617 C12) 3p 6 
O52: 51008) ORE 0)0 Si 2za) 4.80 
TSO5 39) 0.01176 (24) SAS) 
L6202 (8) ORS 751524) 4.82 
20273 (9) Digs OO TR 2 15) 4.16 
OBE 29) Os ee aC LS) 4.16 
OSai7.95(9)) O07 513418) 4.19 
P2212 lacy) =O sO 22) ) 4.08 
22148 (8) OFA 27 SaGZ0)) 3.386 
02841 (8) On24 205113) S700 
0955 (4) sail) Foye OS (9) 6.62 
1545 (4) O00 08 2739) Loto: 
3:0, 3uG33) 07.4022 (10) Deep oO 
2138 (4) Os 60975089) SP AtNS 
0500 (5) OSG 0) 56S) 
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are estimated standard deviations 


Oo€curving in the last digits listed. 
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DISCUSSION 


The crystal consists of discrete molecules of 
Cr(s,PMe,), which have no crystallographic symmetry; the 
approximate D, symmetry of the molecule is destroyed by 
the bending of each ligand along awbine joining the two 
sullphuxy atoms of each ligand (See Mraqure 5). “The six 
sulphur atoms are virtually equi-distant from the chromium 
atom with an average bond length of DL AZ6R, which compares 
with 2.451A for Visor GORE) y Ii amend 2.418A for 
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Analysis of angles at the chromium atom suggests that 
the distortion of the complex is a combination of 
compression and rotation of the coordination octahedron 
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substituted dithiolene complexes which have trigonal 
prismatic coordination. The sulphur-metal-sulphur angles 
ame equal tol within aydegqree but for =the trigonal and 
PsecudOpeErigonal prismatic structures eheumetal—sud phaur 
bond lengths lie within a narrow range of values, which is 
O08 —= 0.10A less than for Cr (SePMes jt, seven though the 
metal atoms belong to dafferent transition metal XMows and 
havescdiutrerent atomniuc radii. @This vshorctening @oretneeme tas — 
sulphur bond length is probably due to the greater 
delocalisation of electrons over the entire metal-sulphur 
system, and hence greater 'multiple bond’ character, that 


is obtainable with the dithiolene ligands rather than the 


dithiophosphinate ligands. 
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The distances between sulphur atoms within the 
ligands (intra) and between sulphur atoms of different 
ligands (inter) have been used as an indication of inter- 
donor atom bonding forces which help stabilise the 
trigonal prismatic) coondinationsomsthe pirte substituted 


ae These, distances as wel leas) the 


dithiolene complexes. 
metal-sulphur distance and sulphur-metal-sulphur angles, 
are compared in Table 29). 

The intra, sulphur-sulphurm distances ame: dvifenent 
withthe yloctahedral coordination! Gvalues, for Cr (S,PMe,), 
0.184 greater than those observed for the 'most perfect' 
Era gOns mar vena LerCompounds, oC ees) es and 0.03A Lor 
the pseudo trigonal prismatic compound [eiCr CONES. Se 
The inter sulphur-sulphur distances are approximately 


° 
CeoAswonger fOr Cr (S,PMe, ) than) thes tragonaly pmismatic 


3 
° 

complexes bit. only 0.3A longer: whem compared to 
eC CONE sae This. ale. GLOSS er toOmoOctan edaacw. 
coordination, tie, longer, the: intra sulphura—sn lphur das lance 
becomes accompanied by increased inter sulphur-sulphur 
distances and metal-sulphur bond lengths. 

The mechanism of interdonor atom bonding has been 
discussed in several treatments of the trts Compile xce 9 a 
and apparently two types of interaction may be involved; 


(A)edirect. sulphur Di aPs bonding interactions between 


appropriate ™ molecular orbitals of the ligand systems 
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and (ii) strong involvement of the in-plane sulphur TH 
orbitals with the metal d2 and P, Orbvtals atong tire 
threefold axis of the prism leading to a more stable 
bonding orbital which is occupied in all of the Eragonas 
prismatic complexes. In an octahedral configuration 
neither of the proposed bonding interactions would be as 
substantial as they “are in the trigonal prismatic 
G0ntiguration. These trends do suggest, hnowever, that tne 
two modes of metal coordination are energetically closely 
related and that only small forces dictate whitch mode as 
Drerer red, ¢.g. Chromium, as eEhe Cr(S,C,Ph,), complex, 
MSeRKNOWN CO pOSsess trigonal prismacie Coordination on ene 


64765 An 


basis OL asomorpnism and spectroscopic studies. 
CHePAsETSA of the nature of these forces may be found 
ipo ciewvease Of crystallization and themainter tagand 
forces of the complexes’. Steifel et al®® found that M 


(toluene-3,4,-dithiolate) (M = Mo, W, Re) did not readily 


formectystals, similiar to whet was found for” Cr (sy ries). 
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and suggested this was due to (i) two possible orientations 


Gf the three methyl groups in either trigonal prusmatic 
or octahedral coordination and (ii) the unsymmetrical 
nature Of the tdt ligand. 

Octahedral complexes with D, symmetry should be 
optically active but attempts at resolving the 


eke rerniCel nas A complex into its optical enamtiomers 
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have not met with success.!9® similar experiments by 
Cavel et al+°®! have shown that meicny sta leio£ ipurdie ved 
Cr(S,PMe,), either racemises rapidly in various solvent or 
tne mesolttaon procedure fan led. However, if racemisation 
were to occur without 'unhooking' of ligands then the 
complex must pass through the trigonal prismatic configura- 
tion, thus implying that the energy difference between tri- 
gonalgprusmatic) and octahedral icoordinatvonias SGmalin Wirhis 
argqumentehas gained’ suppont! from) the) structurale stnrdiec 
on the trts-1,2-dithiolene complexes which have been found 
EOE DOS Secsmboth) trigonals prasmatiaceand tCrigonea leanti— 
Drasmatac (octahedral) iicoordinatiaon geometra ear oe ANIL IL OAElaese 
distances and angles (where applicable) are similar to other 
publishede values, asi well ast Co(S PMe,)igand VOUS ~PM ep?) 2. 
Thesensimilaritaes willt bésdiseussed?in the fanadechapter . 
Thesgqeometry of the digandseistisimilari to thats of 
VOUCSS Pies). ing thatethebdugands bendialong av lines ouning 
Eel cul phurnatomseicontainedywithing cachgungand (secerrigure 
i508 BAd leotheriexamples! ofthe’ datha ophosphinatoed igand 
Haveebeen planare (quitesoften because of symmetry xsequizre— 
ments)» except for (a) this thesis and (b) an? dimeric 
molecules where the ligand is a bridging group linking two 
monomeric molecules together to form a dimer. (In these 
dimers’ '” the ligands that are bound wholly to one metal 
atom are planar, within experimental error). Table 27 


lists the dihedral angles within each ligand; however, 
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analysis of the structure shows that the (s3, P2, $4) 
lagend=is bent in the opposite sense to the other two 

Ia Ganda thus) destroying the “propel lor configuration: of 
the molecule. 

This flexing may be attributed to molecular packing 
aAnmideetien nesultants Van der Waals torces.. |For atome Cle 1C2, 
Cajmand Co thes intermolecular approach distances with cre 
sulphur and carbon atoms of adjacent molecules are in the 
range 3.68 - 3.89A (see Table 26) while the sums of the 
Van der Waals radii” for a methyl group (2.0A), Ona 
Caropon atom corer anditassulphux “atom (1.854) are 
3.85A and 3.55A. However for C3 and C4 similar approach 
avs tancessrance [rom 3.52 = 3.96A and represent the 
pesttwon wet Veastiainteraction of ehnic Aigandiwithenergi= 
bouring molecules. Lh sthis Ligande.(S3, 622,054) pwasecene 
i? the same sense as the other two the antermolecular 
distances could be shortened by as much as ~0.24 Wildl 
WOULd be energetically untavourable. Hence it is evident 
thatthe contaguration Of the iigands ms determined (by 


molecular packing considerations. 
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CHAPTER LV. 
THE CRYSTAL STRUCTURE. OF 


BIS (DIMETHYLDITHIOPHOSHINATO) COBALT (IT) 
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EXPERIMENTAL 
Ip AL c 
Premera tals aor eco (S,PMe,), were kindly supplied 
by D. Day as bright green prisms and were suitable for 
A-LraVeoanalysis as Supplied. Preliminary Weissenberg 
PHocvograpise(hkO*— hk2) “Wsaing Cue ko eradratiom (= le S4ron) 


exhibited the following systematic absences: 
hkeOs  htk’ = 2Qn+l7 OkL; 29S 2n-) nove. . = Onsel 


These absences are consistent with the orthorhembic 
space group Peen(D>), NO- oO) ee Unite celle dimensions 
WELe ODpmalned, ateZzl°oC, on. a manuals Picker 4 circike 


° 
dvitreccometer using Cu Ka radiation, (A = 1.54050) (7 by 


accurately centering fourteen high 20 reflections 


2 Ome e850.) The 20 values obtained were refined by 
least squares®*® ana the axial lengths calculated were: 
° 
amo 64468 000 LA Che eo 01.0.8 
De S209: 3. et 0.001A By g=2 90202 
Ge nD. 30 yt 0.001A 2 =29 080° 


The experimental density, measured by flotation 
in a mixture of bromobenzene and dibromomethane, was 
ieee ee Or OU.6 g./cm.° The value “calculated” for “a formula 
Wergiicmot e005 slo aisle, a Bina Ceili s@dkwene se 1178.8A3 
and Z=4 was 1.714 Gay.com. 


Tntensity data were collected on a manual Picker 


4 circle diffractometer with Mo Ka radiation (A = 0.7107A) 


+ 


2% wo mat 
zt ere a oo ra mae a ae od 

. etamivateled r= feo be ifog gua em eer s yer-X 

7 chats Sy ‘4 #tetor. Oe: =i wiwe rene * vam wale 


7 
! 3 »Teyes Pubes okie cidxe 
: _ 


iS 


i gotts 


i 


jeqt «(ft 290" <ceat = & (Sao Geese = Fee shall 


sharsweh Lipo 22 ttl 5 ° i" oj sort ja 
7 7 : i< 
p b tets 6 ,o°t to) Grails Oo. ot 
d S ‘ ) | i =o j = 5 
(Gz f 10.4 : ro +e 
[aor pw if he “FY vy at Pad tal : f 714 Wigs _oo ete o7 LyDO6 
73a NTE “fed GSPteyv Fh vee ime 2 O57 


az enV Sate) 119! 2tijanes. DASs Sa tae: eteupe waned 


5 
-/w {fud.5 par 
' . 


AS¢d, 0d. @ 80,6 


@ 
=| 9 7 : : #16420 =< bts.¢ 
a 4 
= = 
19582) 5 “is An ut 5 Yoda aa® £8 neers ogee od? ~ 


2 7 ales 
Saronhr ath tne ana to os pie 5 


tS tets Jewl 4s sukew 9 1 
; - 


6 7 7 ee “sg jam ° ¥ 
mtanon ¢ L198 sin 6 ss it - ro.teée 36 2a 


monochromatised by the (002) reflection of a graphite 
crystal and using a tube take-off angle of 2.0°. The 
Prasneusedyroradata collection, which hed major dimensions 
Ofe On L6duemnm. eX 20.3.2 mm. xX 0.107 Mop WAS MOUAiEaGC Cm A 
GlaessPiabreyesuch that the Gea axtLsmuwas COlnC iden tawi tn 
the ¢ axis of the diffractometer. The crystal was twenty 
Ch=aeeromaboth the source and the counter windows. Source 
andmeounter coklimators, were both l70.mms in diameter. 
IMEenSitres were Measured using a Scintillation counter 
with the pulse height analyser set to accept approximately 
96% of the-transmitted peak when the window was centered 
on the Ka peak. AmCOupLedtwi=ZOe moving scrystal)smoving 
Gounter technique was used with a scan rate of 2.0°/ 
MLNULeCe MEO. SCaAnwas range Of 72.0° nee oO, rcentesed on the 
calcutsaked position sof the Ka Deo © Stationarye back— 
ground counts were measured for thirty seconds immediately 
beLtorerand aites each scan. A .totady of ls4e undependent 
wenlectionscmwere scanged with 20r-fo5) 0°. PA pemlodace check 
(appLeOximeatelyeeveryetive Nouns) sor fives well diustrabuced 
Gepleceions, showed no systematic Vveniatton in antensucty. 
inducataveronumerystal decomposition and none showed: any 
deviation greater than 36 from ats mean value. Ten very 
intense reflections, whose count ratios exceeded the 
linear response range of the counting system were 
remeasured at a lower power, obtained by lowering the 


Milliamperage and voltage on the X-ray peibUes) To scale 
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these reflections to a level common with the rest of the 
data, five intense reflections, at full power, were also 
measured at the same reduced power and the resulting 
intensity ratios were then, used as a scaling, factor. 
Experimental data were corrected for background 
eassumingea; linear variation. over, the, scan, ranges anduthe 
integrated intensities obtained were then corrected for 
Lorentzeanad polarization effects. “A relatively scaled 
Se carn esl and Ble Was» tirenecealculated sandmel5 
independent intensities were found to be statistically 
SVomirreanc usang sthe dualtecritertagias ctated perores 
Only sthese statastically "svoniticant rexlectitons 
were used during the subsequent refinement. Standard 
deviations in jee were derived from the standard 
devaataon of Che experimental intensities: according to 


2 


ae WSLngean Uncertainty “factor, Da, 


Doedens and Ibers, 
GLa O0mO0 0 2:, The weighting scheme used throughout the 
refinement was wo -tlFo |) In the final stages of 
TeLinement absorption corrections were applied to these 
data.®% The crystals faces were identified as {221} 
iViGieand (100), but were idealised ton (100), (100}y (Ol, 
(010) and {201} and the dimensions were measured very 
Carefully < Equations for the plane faces were calculated 
allowing slight variations (up to 10%) in the parameters 
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See page 44. 
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for these equations, such that optimum agreement between 

the calculated and observed curves for the O02 reflections, 
obtarned@by rotation of the ‘erystad sabout the 6 axis act 

Ye -20,0>,) was Obtained. Absorption ‘corrections 

(Ue Ss Ba Oe ate to I and o(F) gave a relatively scaled 
sete or 1 and o (fF). and ‘thescalculated, transmission tactors 


Wenem ine ne sy ange (02.7 34. t67 0.79 1s 


SOLUTION AND REFINEMENT OF THE STRUCTURE 


eee 


Space group Pccn has eight general positions and 
density calculations had indicated four molecules: of 
Co(s,eMe a per cell. This restrictiom required ithe 
cobaltsatom to be located on “a special” position, ether 
anmcentre sof SyYMMetry Or al twofold aris. Spectroscopic 
Studies 17ra) Vice ptu.v.) On similarmecompounds — shad 
indicated pamwtetrahedrably coordimated™-cobalt, atom, so 
the cobalt atom was assigned a position on a twofold axis, 
Vizio (4; a Zz) which was confirmed by the Patterson 
solution and successful refinement. 

Using a three dimensional Patterson map, which had 
mum symmetry, thexwz coordinate of Che cobalt atom Was, 
in tiokiven caleuleated as 0.1l/. trom the Harker line 
(soa wi). Only twoe peaks were at, the correct distance 
fvommetchemorigin to be considered Was possible cobalt— 


SuLpnure vectors and they were: 
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lax| |dy| [dz| distance, A 
Wereiw@oue ila ORs s2 (0) 5 OO) Oo dk 2 Pes AG 


Weegee 2. ORO O65 BL OreieZ Peak 
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As the coordination around the cobalt atom was assumed 
to be tetrahedral there were two possible models using 


the above two vectors and knowing that the Patterson map 


had mmm symmetry. They were: 


Assuming that the molecule was a discrete molecular 
species these two models would have been expected to 
produce: 
(i) A cobalt-phosphorus vector at approximately 3.548 
Haomet le *Oro. gun rerth er “along “tive *zitaxas oF In the xy 
DiLane kat, 45° to "the cobalt-sulphur vectors. “his "peak 
was inot ,lbocatved. 
Gii)y-wsulphur—sulphur ‘vectors between sulphur atoms attached 
to symmetry related cobalt atoms. These peaks were not 
located. 

Hence no distinction between models (I) and (IT) 


could be made so both models, with the phosphorus atoms 
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inserted by inspection, were Subjectedato =a lcycleror 
least squares refinement.!* Both models had R, x 0.40 
and es *~ 0.60 as did the models with the phosphorus 

atoms bridging between different pairs of sulphur atoms. 
the obsexnved Fourier map calculated for each model 
ShOwedwno recognizable features . 

The possibility that thescompound,may be a 
polymeric species was raised in trying to explain the 
tapgestepcakwain the Patterson mapeat. (0n.!2) 0.24.) 0525) 
The distance between adjacent cobalt atoms was Hy 
(ise,87¢) Mand) aephosphorus atom, lyang exactly’ hale way 
between neighbouring cobalt atoms, would be able to 
bridge between sulphur atoms attached to adjacent cobalt 
atoms. This arrangement of atoms explained all major 
features ot the Patterson map. The ambiguity as to the 
trie "structure HDroughtrabout by the mmm symmetry could 
not be resolved except by trying each model. The. peste 
model) tried gave an overall discrepancy factor, Ki. -of 
Os 40R bute fore hke(2=2n) RX 0.20) ands tor hk? = on er) 

R= O.45. All four models exhibited the Same discrepancy 
factors Untwl, the other possip le solution fior  thescopals: 
atoms Zz coordinate was tried (corresponding to 4-22). 
THES erfectively altered the 2 coordinate of all atoms 
and these new coordinates, along with those of the two 
carbon atoms obtained from inspection of a model, were 
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C2 Ona2 1S Ks) rH ONGORS) 3.0 


The refinement may be conveniently lwvsted: 


Comments No. of Cycles oR, 
Pita toms SOEGOD FC, 6 0.064 
COl Br Leora nss O E70 Dace. ve 0.045 
Aaah sO tO nC... 2 0.043 
ADPtermabeonp inom, al | 4 0.040 


aloms anisoeropic , 


Same as above with 
gesecondary extinc Lon 
affected planes removed. 2 O72 038 
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Agiiunal darterence Frourier’map showed: no) peak nigher 

than 0.39e7/A and an attempt to find the methyl hydrogen 
atoms was unsuccessful. Analysis of the weighting 

scheme exhibited lack of dependence of wA2(A = FZ Ale 
lro|) when divided into ranges according to bey and 
(sano )i/A values ain accordance with Cruickshank 's 
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critereon. Scattering factors “used were those due to 


Cromer and “Waber'® and the anomalous dispersion 


eorrections for cobalt (Af = 0.40e , Af. = Oem), 
sulphur (Af = 0, lo0Ee” ; Af” = 0.202)", and phosphorus 
(lime= 0 0e , Ve = 0.20e ) anplaedsto Fale “ere taken 
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RESULTS 


Figure 8° is a perspective view cf the Co(S2PMe>) 5 
polymericy chain (with the coaxisevertical) indicating 
ctheynumbering scheme used. (Figure: 9 illustrates ithe 
molecular packing seen from approximately down the b 
at~ismalable 30° lists the final atomic Coordinates, 
along with the equivalent isotropic thermal parameters, 
for the asymmetric unit, while the anisotropic thermal 
parameters, are Given in Table 31.5 Tables 32, 3337, and 
S44 ystontramol.ecular bond lengths, pondwangles, sand 


the final calculated and observed structure amplitudes. 
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Figure i 


ThHeemolLecttar packing “of Co(S,PMe,), 


approximately down the b axis. 


viewed 


94 


Table 30 


Final Atomic Coordinates and Equivalent Isotropic 


Temperature Parameters for Co(S,)PMe,) >» 


Atom x y Z : eke 
co Gran aQocoy* “O. 2000 0G)" 0.08468(8)~ Lea 
Sl Onea 6 2.70 (76) OP 9S 6 (le) On 20S SiClg) Bes BS) 
S2 0.12040(7) O. 7 e550 lez) =O) OS6824 (12) 2aL9 
P OFuesduee) ORS By a i ale -0.16659(11) decuute we 
onal On03:.2 73) 0. 9923.06) eed eo) 2./6 
st Ono U3) UE Keg pe le -0.0662(5) 2569 


Numbers in parentheses are estimated standard deviations 


occurring in the last digits listed. 


* 
These parameters were not refined because of restraints 


due to site symmetry. 
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Tables 33 


Intramolecular Angles 


Atoms 


a 5; 
Symmetry transformations are as follows: 


prime: %-x, %-y, z 


double prime: 4%-x, 


Puumbers in parentheses are estimated standard 


deviations occurring in theglast) digits listed. 


Yer 


(Degrees) 


L+z 


ORs Cons, PMeo)o.. 


Angle 


VO?2 


SN Ne 


Oe, 


12 Ore 


O02 


109 


LOW 


shana 


106 


105 


saa 


EOS 


b 
vO 4°( 5) 


726° 9) 
SO S.(04)) 
Bye 1G))) 
F5O1Ge) 
-40(5) 
-03 (4) 
4 (2) 
Ao) 
SCZ) 
One) 


a) 


a 


98 


ate 
a 


, 


Paar . 
oes) . : . ) 


» Pe OTHE Si \ Ly ord ay <ahaset sat 


a) 


i ~ 
H - - 
© - 
14 _ 9 
a 
& 7 
- : 
i} > » - — 
= 
4 } — if 
- 
y i ‘ ae 
: » 
} ae) - : ~ 
- 


_ a 
a o 7 7 
‘saenmitcl¢est? cirewn e2 


, : _ 
0. +eed .2*@ soma 


a , 
> D a6 @ 1@ enge} ae% 
= _ 


a 7 Se) : Sin D teak wil es 4 


aoe 


Weoley Baz! 


Observed "and calculated structure amplitudes 


abel WdLexeieieoays) arene Co(S,PMe,),- 


(x10) 


99 


Pm. 


Let bas Seveurdd 
- 


9 
9 
° 
1 
1 
L 
1 
2 
2 
2 
2 
2 
3 
3 
, 
3 
4 
+ 
s 
m1 
5 
ff 
5 
6 
6 
6 
4 
6 
ig 
7 
7 
8 
4 
a 
9 
9 
9 
G 
vO) 


PP MAF APIA APES PEPE PRES WUDUNRN NAN OR eee er RRR OU 


o> 


NOP PN EROPEN@DOPNOSAFNENSIDOFNOFNODSONGDPEN FT 


z 


Ne PROS PF ENRK END PERK ODO BLO DP UN ROB DP AEN RRO BNO ARERR OBO RENE DINO EN RK OENFRR SNK UOPEN 


Fc 


* 


BS 5 0 Dea ea COTTAM EEE REESE PES UU NNR NNN ee eee ROU 


= 


FO oe PENRO PUNE DH OBI eNE OD 


NPN RP OUR OE BOF UNR OP AEUNE CODINFUNE RH ORAUFEUNEO 


= 


OPV SEU HKS CNP BEN HR 5 OPP RHO ONO EURO OPEN DIDIER NRK DDBOEN 


SL. 0ezemeoiiwiiy 


oco 


SO SBBBVIVNIN OTST ADA AWARE RR NNN NNN Ee ee een 


Ss 


CHT TPAAAAAA AT ROPER REE Ks URNA Ree eee eee 


are 


HONK oeMrunweuNnHo 


N SNP PNOBVEN RK @PNOD DT DANK GSPN KONO UPN Ee RUNH DONO UE VK OSOEND 


x 


D2eerPLN=—OoeON 


PERR PUNK DONG Pw 


PYF BFENDR 


PAT AR EN HO Oe REN 


449 
100% 
92 
265 
168A 
554 
9% 
267 
164 
993 
sit 
142 
aLg 
409 
128 
222 
130 
212 
437 
473 
619 
125 
123 
142 
557 
122 
269 
562 
121 
212 
427 
355 
302 
327 


x 


£0252 20084 IO 


O22 oer BOBBIN TRO SFOPO ANWAR AH ADE EES RP UUVUUENNNDNNDN eee eee eee eR O000 


UPHOtUFUNUEENH OD 


x 


FOpurnourenec Some eruNeocaso 


mR BNSF UN RODEN OO DEN= OO CBN EUN-OOR EO 


aon =x 


pune 


Sritrnue 


BARN SOREN 


ONO PSNR See ee Nes 


Sodosmeeiiiiy 


DPBBDVVT OOOO RADA AP EER POU UUNNANN RH eee eee RH 000 


SAAN AANA RRO RRO SO AAMAS RS RRP SIGUE GRUANNANDN NN REE See eee OOD SeS 


PeROoeMsNn een 


= 


PPNOUNS FUND ETHENDENH O59 COEF FUNCUNRK OH DODOUFENBONO 


= 


Bom OUsen—osaienrnH-ooaren 


NATUR YVR ORIF DREN RK OBO PUNK OO BNP UN ON POE UNE OS 


2220 


S 


OP RANINVNE OTT HO VAANWUR PEPER EP OUEUUUUURN NNN NE Re eee eR OOG000 


PANAN STS THERNAN Pere PPE NNN Ree eee HOU 


vo 


WRN rts aos 


Onre F 


z 


OCaNeurun-Saerenow 


MUR OR PUNK ORE UNE DIT ENR BOP UNE OC ODAPUNK OULUNEO 


= 


Sovtarnrooen 


NPUNONT PR LeU PH Dee tN ene nrUoreN 


= 


VNR oO ode ee oR woeNo 


ANNAN OTOP ANUP ee RR UO UU BPBWVVO TP VAN AVUe er eVUULUN 


ANREP PP EOL OU ANN NNN EE eee eR OUD 


SPAR Pee Nee eee 


NONE FLO UFUNr eRe bUNeD 


PEM ORME ERT ERK NOM IN OPER OBNFOUFENEKOeN 


= 


NEW ERK ORUNCUN SOW PNK OE HK Oe UPUNC ENO 


x 


TR eR OND BUN OON De BUN HOD 


2 
x 


rs 
a 


ou 
Pe 
oN 


x 
3 
= 


nw 
mrs 
au 


ne 
mn 
33 


aor 


POR PEP Ree UN RNR Ree 


Warusvenne-eeee oo 


feb GeNNeK eH 900 


no 


POP UNROSNOAUNOEN FT NE UENR Oe UUNOCNOOUUNEN - 


x 


Orun-tnen=-eno 


FO 


285 
146 
139 


FC 


276 
11s 
131 
162 
168 
1a9 
303 
487 
365 
172 
193 
Loz 
162 
586 
153 
all 
12k 

65 

in 
tet 


6 
290 
327 
143 
156 
11A 
156 
370 
102 
214 
2190 
206 
186 
267 
370 
159 


356 
146 
ier 
353 
rare 
269 
166 
172 
262 
2268 
212 
205 
329 


267 
242 


LAS 


a ot,etre 
ame 


i od 


. : net ie a> mn i" = sae : eos sti etanst a ; 
nibs este a 3 a i a 


és aon. =e ae inasbecenaseeementss os cheaanenenemnt > woe nie ones oem ¢ err ea 
ip ae 


ee (epee 4468 seat aare 4141204 0°@ ‘= ono ea Oy oo" hie oa ihe 


‘Tog gghatnsen peeceireiastcrsey tet wrnivaay.’ daregptstestenresL neque ear aat 
a > Wanner a Poe att oe a * htioaasi eaten 


PF 906 kia: - 
+ Lite 4 las: 


100 


DISCUSS TON 


Diewcuystal structure of Co(S, PMe, ), CONnSiS ts. Of 
polymeric chains (in the [001] direction) built Mp by. 
double dithiophosphinate bridges between cobalt atoms 
which have distorted tetrahedral coordination (see Figure 
Br. Theptdentity period of the chain isfequal to one 
helt-of the coaxsis (4.701A) Of thelunit. cell pand* the 
Symmetry of the structure is determined by the crystal- 
Tographic twofoldsscrew axes* with ‘the cobalt atoms) situated 
OnesSpectal positions of twofold symmetry... “The Se Co 
angucoscethat range from 1022040 to. 120, 55° pshoweconsidaeranle 
deviation from the tetrahedral angle of 109.47°. However, 
Elismaoletort2on ws probablivy> Less ethan would bDesLound 21 
a monomeric bts complex with tetrahedral coordination where 
for example the Saas angles within the chelate ring 
would probably be less than 90°. 

Thiemcobalte sulphur sbond Lengtnssor 2.316A and 2.331A 
Aarevantermediate between the values reported for )736— 
aithwolatoe complexes which Have cobalt-sulphur bond lengths 
iieoune ctange 2.16 = 2.18A, age [ec aH pen ico omc mn mame ane 
Pee 2.1614 and the average value of peace Ronen teed for 
fers rats )olos © this Watter complex being sisectructuray 
wWithelte cobalt analogue, and» contains, DOCH Tours andmergie 


membered rings (seé Figure 11), the value quoted being for 


the four membered rings. 
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These values agree well with the cobalt-sulphur bond 


length found in compounds that exist as dimers or polymers. 
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In [Zn(S,PEt,) - 


5 the values within the eight membered 


° 
aee@2 es O2a> 2IsS2m and inethe Co(2OREho)s polymer. The 
° 
Cobali-cuiphur distances sane ~2e310)—92.556h (see Figure 
Le EOE & GEMQWMACLS Waley Cue lA molecule) - iia elas Glalwmi@sre sie 


52 linkage occurs between each 


compound {[(CF,)c,S_]Col,} 
hati or eherdimer by two cobalt—sulvhur bonds of Neng th 
2.38A white Alderman eb gi ° “treporteasuyramidaly 
Coordinated "cobalt, atom wath fours suiphur atoms at sthe 
corners of the base where two cobalt sulphur bonds have an 
average length of 2.394 and the other two, an average of 
2.22A. The phosphorus-carbon bond lengths are in excellent 
agreement (see Table 44) with those of Cys, eMea le and 

VOCS oP Meo), and compare favourably with similan compounds. 
The coordination of the phosphorus atom will be discussed 
LiMmeciemtanakechapuen. The bond angles found, except for 


the Cl-P-C2 angle which agrees well with Similar angles 


(See Table 35), are representative of those found in dimeric 


of oupylt 
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and polymeric thiophosphinic compounds and are summarized 


below: 
Table 35 
“aA n ~ ° 
Compound S-M-S M-S-P S-P-S SAGA Ref. 
[Co(S,PMe,),] 102% Odes, LOS 538% LOv ROSS 2. ONG = 
INA UES ro PA Se LOSE 202 
[Co(OSPPh,),] 104.5- SHE a 220. 103 
Lilo. 4° POG 
b 
Pye, PEG ) ol. os = 99 .2- 1 Sha = Pd OA 78 
Le22 a 106.6" LediGw. sae 


a 
The values quoted are averages. 
b : 
PSoomorpnous swith (Cols. Pau, ilies. 


Thewco(s7PMe, ), complex as jthe first example or a 
polymerachstyucturerwi thi phosphinateylvqands¥in which 
both oxygen atoms have been replaced with sulphur atoms. 
As early as 1962 Coates et al’°*® predicted a polymeric 
steucture Lor COLO GPR, "(R= "Me, Ph iPonm the thasis sor 
Solubility inegvarvous solvents. Sihe®structuré @preposed 
was one with a backbone of two phosphinic bridges between 
dustontedutetrahedrally “coordinated @cobaltsatoms™ (as *in 
FrounessS ji. F., Giordano and co-workers found, however, 
Ehatathie woackbonesstructur slr orethes (aml (u-CyHny (Cries 
BOM] ee polymer was ates EAaOe Sing bywand omni p Ly ebmLagung 
phosphinate groups between tetrahedral zinc atoms, (see 


Figure 10), in common with the zinc(II) and cobalt(II) 
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di-n-alkylphosphinate Polymers see ae AP samberar esta cture 
(Figure 10) was found for the Co(OSPPh,),, the backbone 
structure being different from the double bridge structure 
(sé€e Figure 8) proposed by! Kuchén et aL»? 

ALT eprev lous “structures of di titephosphinate -eompiexes 


that have been solved have either been monomeric or 


dimeric. The “adimertce*ones, (2m TSeP (i SCSnso) jaye 42 
Ty 
Ui 


78 
OU 


78 


KGB SID (Gaels) his 


[CO Se Bie ied and [an (spe her, | 
all feature a molecule formed by tetrahedral metal atoms 
beidged by two eo groups, the coordination polyhedron 
of the metal atom being completed by a 2S” groups 
behaving as chelate ligands to form four membered rings 
(see Figure 11)-. 

The structure o£ Co(s,PMe,), may be viewed as a 
COnbDination Of both the dimeric andgpelymerac styuctuses. 
Te consists of severely distorted tetrahedral cobalt vwatoms 
Tinkedeby .ewo three atom (—S=P—-s—)iigqroups (see Figure 8). 
Thee structure does not Support they suggestions) of 
Meme all ce ics ae. at)? pased on the behaviour of diphenyt 
and di-n-alkyl phosphinothionates in S@Qil@Medom, wiieie (4s) 
the presence of at least one sulphur atom in they ligands 
facilitates the formation of stable four membered rings and 
(44) the stability of the bridges, between metal atoms is 


decreased when the ligand species changes from the 


phosphinates to the phesphinothionates wand then tos the 


phosphinodithionates. 
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Co(S,PMe,), is the only example of a phosphinato 
polymer without the single and triple bridging backbone 
Stricture as in Figure, 10) snotewithstanding the tact 
thatthe bridging ligand “contains two sulphur atoms 
thusevrolatangethe trend notedeby ecalligaric ef al. 
thew peOhaAb Ve reason Lor cbse poOlymertent lon a setnenaces 7c 
of the complex to relieve the steric strain that is 
present, on chelate ring formation with the S,PR,_ Ligand. 


(THhrsesteric, strain will berdiscussed in, the tinal chapter) 
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EXPERIMENTAL 
Collection and Reduction of Data 


Bright blue needle crystale of VO(S,PMe,), were 
kindly supplied’ by D.° Day and were suitable for X-ray 
analysis as supplied. Preliminary Welssenberg 
photographs” (hkO = hk3) with theuneedle axic as the 


° 
TOCdIerOurds is, taken wth CUumko raAddtelon s\ua=ee SATAY 


exhibited the following systematic absences: 
ISIE Iedk\? = Aiaakils In@ie = Dintils OhOs ie a Msadbal 


These absences are consistent with the nonstandard 
monoclinic Space group B2,/c. Precession photographs 
(hove = hey, Ok = e82k2) taken with MonkG radiation 

(A = 0.7107a) showed, that, Standardyspace Group P24 7c 


(wee 


Lae No. 14) would be a preferable choice. As it was 


possibie to align the: crystal to take -advantagemon this 
standard space group, Bene was used throughout the 
structural analysis, The axval lengths of the B2,/c 
Cell were measured from the OkX and HO precession 
photographs taken with Mo Kq@ radiation (A = D7 LOA 
Viemacie Wl Lengcens: Of cive P2,/¢c cell were obtained, at 
21°C, on acmanwal Picker’ 4 circle diitiractometer, 

using Cu Koa radiation (A = 1.5405A) by accurately 
centering twelve high 26 reflections (2627681 -0°) 2) rhe 


| ‘ 8 6 
26 values obtained were refined by least squares. 
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The axial lengths obtained for the two cells were: 


P25/7¢ B2Z,/c 
° ° 
a LOe8S9 £0 -002n MS las 
fo} ° 
b TO 072 00 0lR 12.065A 
° ° 
c TOs208.! 0: OOln 14.662A 
a 90.0° 90.0° 
8B SEA OTS 9 aeetem wombs 93472 
ry; 90.0 90.0° 
o 3 @) € 
Vv oases 2684.4A 


The experimental density, measured, with difficulty, 
in a mixture of chlorobenzene and dibromethane was 
1sA5 7F 240: ..0.1: g./eom.° the valueecalcwhla ted atowea pronmula 
Wwe woe Ot. 3.1 7 29 arm juin, ea Uneece Lave Lume got eva abs 
and Z=4 was 1.571 g./om.° 

Intensity data were collected on a manual Picker 
A EMIPCILe EuIPMiceAe@Eeomeaces. Wael Cpl Ko, weclizacieim Ch = 1.5418A), 
monochwoematised iby ethe. (002) inehlecticnsoh agsgrapiite 
Chyisieall «and .uSing «a «tube«take-=off angle got.2),00- Copper 
maduatton sawas chosen for use inethe data «collection; 
wusud ky Abt swould pbendesinablesClosgusegMo Ky jeeiel al Glia sOjiel aig 
GraeneboO minimise sabseorptuLonsehiects You = 140.01 cin sa: 
re = Ab Sye vo) Ee Ate However because of the small size of 
the crystals available the lower background and increased 


intensities obtainable with Cu Ka radiation made it 
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preferable. The crystal used had dimensions of 

0.098 mm xX 0.098 mm. X 0.301 mm. and was mounted, on 

a glass fibre, such that the a* of the B22, 40 cellvmwas 
coincident with the 6 axis of the diffractometer. The 
crystalawasmtwenty icms from bothsthedsource sand the 
counter windows. Source cand ecounten colhimators wene 
both .1.0 mm. in, diameter,» Intensities \were measured 
Wiithed sscintiltlation scounterewithathe epulse theight 
analyser sset stOovaccept approximately #96% of the stnans-— 
mitted peak when the window was centered on the Ka peak. 
A coupled w-20 moving crystal, moving counter technique 
was used with a scan rate of 2.0/minute, to scan a range 
Of §27, 0,2 fin e207 pcentexred .on Lthe edalicullated pogditiiion gor 
the ka Dea le a4 Stationary background counts were 
measured for thirty seconds immediately before and after 
each sscan. A total of 1682 independent reflections were 
scanned with 20 £110.0°. A periodic check (approximately 
ewieny Bien hours )jcof seven iwellbedistributed rettectwsons 
showedeno tsyetemabic variation inwantiensity (thatigis 
indwcative of crystal decomposittiongand enons eshowed many 
deviation ugneater tthan .30/ gi nom ei tsamean se glwenty very 
intense weftlections, whose “count mathos sexceeded the 
Linear response range of the counting system, were 
remeasured at a lower power, obtained by lowering the 
nulliamperage and-voltage on the X-ray tube. To scale 


these reflections to a level common with the rest of the 
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data, seven intense reflections, at full power, were 
also measured at the same reduced power and the 
resulting intensity ratios were then used as a scaling 
LaAeeon. 

Experimental data were corrected for background 
assuming a Pinear variation over! thesscane ranges The 
integrated intensities obtained were then corrected for 
EorentzZsand polarization»eftectstand apreéellativeily 
scaled set of [Fo and onl s calculated.’° AS tote leor 
1198 independent intensities were found to be 
Statistacally significant’ using the dtlal criterwva 

* 
stated previously. 

Ondy Gihese: statusticailly signi icanty renbectmons 
were used during the subsequent refinement. Standard 
deviations in leo were observed from the standard 
deviation of the experimental intensities according to 
Doedens and perce: uSsSInG anv uncertainty eractor, oe 
of 0.002. The weighting scheme used throughout the 
refinement was W = = -(|F Ieee In the final stages of 


ere 


refinement absorption corrections were applied to these 


data.°* The crystal faces were identified as {100} 
and tll) } and the crystal dimensions were, measuved very 
Carefully. Equation for the plane faces were calculated 


allowing slight variation (up to 10%) on the parameters 
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for these equations such that optimum agreement between 
the calculated and observed curves for the h00O 
rerlections, Obtained by rotation of) themcerystal about the 
Oeaxis at -y =|90,0°, was obtained. Absorption. corrections 
(Ho = 142.01 gS gave a relatively scaled set of ial 
anamo (co).  thewcalculated transmissions factors, werewin 
themrange 0.147 "= 0.7395 ands thes variations in 100 of 


27% before absorption was reduced to approximately 10% 


atter absorption. 
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SOLUTION AND REFINEMENT OF THE STRUCTURE 


An attempt was made to solve the structure of 
VOCS Men using a three dimensional Patterson map. 
This was unsuccessful because of (a) the comparable 
atomic numbers@®ot vanadium, phosphorus, and sulphur and 
the consequent comparable heights of “the vector peaks. 
(Dy) the superpositon of vector peaks due to theysimiviar 
sulphur-sulphur, phosphorus-phosphorus and vanadium- 
vanadium distances between like atoms of symmetry related 
molecules. 

The next attempt was made using the Bore lationship 


ON a 


of Karle and Hauptman, the “direct methods 4 “approach 


utLlzsing the pregrams MAGIC and FAMEO. 


These programs 
Deloweaucomatic application of the he relationship to 
untensity data for any -<centrosymmetric space group of 
Orcnorhnombac om Lower Symmetry . 


These two programs utilise the normalised structure 
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where Pkg the structure factor for the reflection with 


indices (hk). 


N> = number ot different atoms ain the unit cei. 
and ft. athe -scarcering factor for the 1th atom. 
a ee 2 
a he BASin Oy 
fe) 
where B = the temperature factor 
and X = wavelength of the radiation used. 

As UiKe istasstructure’ factor Ltemaylbe calculated 
in an exactly analagous manner to Puke’ ines fLortthe 
centrosymmetric case 

N 
a ; 27 + k +2, 
Vink 2 2}nj-cos2m (hx, eal i? 
i=l 
fc 
where n = = ite. themtixract ton vole the 
i N/2 
en scattering power 
i= 


represented by the ith 


atom. 


The average mean square value of the uUniltany ssuLucturne 
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“this is exactly analogous to F2. See reference 91. 
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The normalised structure factor, as defined by 


Enke’ 
Karle and Hauptman!??3 is given by 


Enke © have a particular advantage in that they 
atlow the normalisation of all reflections to, a common 
basis, thus avoiding the error of comparing special sets 
OBeretlections. Consequently a siqnitiacant factor jin 
thescalculation of EAKL is@that'ja given UL KL must be 
related to the true U2 £or the class ocfbareftlections) to 
whrchmsctabelongs, ite. vaccount must =bettaken of Vthe 


MNUuGotpLCity, Of the,class of reflections. (Theneiore, 


in general 
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, 114 3 
where © is a multiplicity factor. An equivalent form 


Orethissexpression, Iwhich /is used by FAME, is 


| 3 
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Dieeorst ri put Lon. oF |E| Values is in principle, 
and often in practice, independent of the size and content 
of the unit cell. It does depend, however, on the 
presence or absence of a centre of symmetry in the space 


group and therefore the values of the aL Pord 


2 
E 
|Enxa| 
a statistical test for acentric or centric distributions 


as 


Cie DMS OST ieias . The results obtained in this case were: 


Ee ESS. 


Quantity Observed Centric Acentric 
Average |E| 0.853 0.798 0.886 
Average oa 10 L.0 1.0 
Average |E*-1| 0.853 0.968 0.736 
oh) Sse a S80 20D 36.80 
be bos? <0 % 3.51 5.00 1.80 
[Be l> 3202 0.25 0.30 0.01 
Scaled Such that average Le = 1.0 


The indication in this case was that the space 
mmetric. 
Troupe OL VOCer ees), was centrosy 
The Be relationship says that the sign of a 
structure factor may be calculated in terms of a pair 


of reflections whose signs are known when the following 
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condition is satisfied: the algebraic sum of the Miller 
indices of the known reflections must be equal to the 
indices of the unknown. For example, if a pair of 

knowns have indices 210 and 313 then the unknown would be 
503, i.e. the known pair “is ‘said to have “a uo interaction 
with the unknown. If an unknown has one or more inter- 
actions with pairs of knowns “then “the probability of “the 
unknown having the same signs of the known pair, i.e. 
Chrewprobaprlitty;, PP, of a=retlection with indices nk 
having the phase given by the product of the phases of 


other reflections having indices “f (h-hh); (k=k™) 77-24) 


endeth kn sis given by 


=O. a5. + . . °E 
P(E yg) = 0-5 + 0-5 + tannlor[E ol LE age Con ke eee 
5 fC) 
where & =,the normalised structune factor 
Vee cthessum over all) pairs of knowns whieh? havea 
S. interaction with »the particulam knownmunder 
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consideration. 


and GO = probability factor 


= 5 


- 
i) tesa) 224 || NIN eal 


eee | 
bh: 


PS 

pb hs) 

eee 
wo 
> 


Themvaluc Of ysagmay 0, LOr VO(S,PMe,) 5 was Ooo. 


Values of P<0O.5 indicate that the Ssignsot Ekg 


is negative with a probability P_ given by 


—s a ab 
sae <a D tee et at 8 | 
2 ine, Hed Biel ot Biss al earn . ate : 
=se=2 ete hs ==0 a zis hove) < 

chs Ta peliMedery san ste rine ta was ashe aes 7 
lac pyang meee’ o4: to debs Bene wee —— me 
oid ‘Sustiel, tei~w neiiceQer « Fe .S \gtbbidadong: 7 

tc 4ocene-e4l Io sachesy ede eV eattp oandg 249 | re 
eitgeks \c1eaeey ieee 25h 662 @atees ae cael 


- Ta? , vomit * ral > 2a 
es ee ests Por ae S, @2sa & : 


ie. .- _ ; 3 
arjyas> s2bsseere i= sei eesce, oe? = © oxen! - 
> le 
bated Grid see t4-%% asi sh tin ceed ure.wer-e Tt - 

: 
SOre S¥ocd soles: s2te ety tele soktasvesat ea 7 * Z 
_eul@guctieseac >. 


Sere? —eelidedeng & ror 


Jat 


- 


nett i 
si 0 
Cine ae 


- 


| — ea | 


7 Lise 


: 


|) ee ; 


105 


P ) =a ls — Pl 


- Enky 


In practice there are no reflections whose signs are 
known absolutely at the start (except for origin signs 
that may be chosen as positive or negative) so a small 
group of reflections is assigned a set of symbols 
(e.g. A,B, etc.) and these are used in lieu of genuine 
knowns. Treatment of the unknowns is then just as before, 
using products of the symbols of the pairs instead of the 
sign products; as this procedure progresses, with more 
reflections joining the list of the knowns as they are 
determined, the symbols exhibit systematic relationships 


with each other, which indicate the signs the symbols 


represent. Finally the equivalences may be evaluated 
and + or - signs assigned to each symbol, thus making 
a ‘most consistent’ set. This procedure is known as 


"Symbolic Addition". 


FAME converted the structure factors, to 
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normalised structure factors, E using the formula 
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| Faxe| = { ee aa Pie 
where A = wavelength of radiation used 
S = scale factor obtained from a Wilson plot 
B = overall temperature factor obtained from a 
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Wilson plot and then substituting ii 
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in Equation (1) for use in the 2, relationship. The 
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ValuesmobeS sand Bltor VOCS, BMeow)s were 1.985 and 4.359 
respectively. 
The assignment of a fixed number of starting symbols 
was tdone jusing thewfiollowing criterias 
(i) symbols are assigned to as many different parity 
groups Mais ipossiblet 
City Gna ghespE"sPFane fLaveuned ¢ 
Cidi)ereftlactiions ithat havetmone %*cinteractions with 
Gothenelangesrlstare favoured ; 


The symbols assigned were: 


h k Lb, Parity E Symbol 
Af 6 4 oee Zico sa A 
4 3 o eoe 2.847 B 
6 4 3 eeo 3.049 c 
4 rr 5 e€00 aioe D 
S 2) ch oeo Dt Oo E 
iE 3 4 eeo ei22 F 
3) th 7 ferexe) 2.864 G 
6) 6 8 eee Ca faa a H 
5 0 6 oee 2.698 ak 


The specification of the origin was made by assigning 
Diasec arbitrarily tora properly chosen set of eae 
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the following choice was made: At, Bt, and’ C+. 
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MAGIC isPaghight speed program for the completely 
automatic generation of phases using the Karle-Hauptman 
hs relationship, which in practise, starting with a 
small group of knowns, either known to be plus (ori.gin 
signs) or assigned symbolic signs and using an iterative 
procedure, may be used to phase enough E's to give a 
meaningful E map. Four parameters are used to decide 
whether a sign indication is strong enough to allow 
addition ofthe unknownsE’to the Itsteof knowns@and they 
are: 

(i) The minimum acceptable probability as defined 

bye (2)Ge This Asdusteliye-0e05e 
(Ap) Sethe Man2nim numbers ofacontrabutors anormal ly,one- 
(fe 7)eaThesmaxinumenumber of Unconsastaneies,, 82 .er 
contributors with vopposite sign =husuallyezere. 
(avi The minimumevatio oftcontrabutLces#to  imconsast— 
ancies - usually 1.0. 

imthisecase, symbols A=E) weresinputed antonthe 

Symbolic, additionu procedunesatlongewithrala ToL the unknown 


Buk © and 156 signs were determined with the following 


assignments. 
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Symbol Sign Probability, No. of Determinations 
BCD = 0.880 - 0.998 i3 

BCD a 0.880 - 0,998 19 

Ko Ca ES = 0.880 = 0.985 9 

ACE aF 0.860 = 1.000 3.6 

AB DE = O28 60" 0,055 2 

AB DE ar 02.860 =F 050902 de? 


thes best 'choice <of tsigis for “the “symbols Wwas tthen 


mary, joey (Car, Jae Oe Wop, Iigee Due to inexperience MAGIC 

We Seneca l byisrun, witha. i JO joubie O.beay 2a. 
% hk & iad hk£'s = 

HSeMOrewlikely tO Give vccommect solution. (Hence the 


five initial symbols plus six more that had been 
determined in the first run of MAGIC were used as input 


to MAGIC with all E, ) Zeal as, Unknowns. The assignment 


OLDS tgnemwas  CONnL  pnecwands aascvota lot. 106. E ee AR ae leieye! 


ke 
their signs determined. 


Ashourier map (i.e. E map) using these 106 known 


EiceGi.e. signs Knownh)pwas computed for bothmcases, 


Divieworn .D-vexn The solution, extracted trom the Dromap 
Gave, atten one cycle of refinement, RQ, = 0.48 and 
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and the function )w(|F A inim: 

) (| fAe| [ervege Gels) was minimised and 
whemes we =109/0 “he jen iTheipe map solution gave R, = 0.49 
and R, = 1060.5 The observed Fourier maps calculated 


etter ~theselicycles tshowediinorsolutwvom was obtainable, 
Loo was scheretore decided to; introduce two, more: symbols, 
Foand .G Crom FAME, into the symbolic addation procedure 


Lich e nope Of determining more signs on "s because 


he 
of the increased number of variables. This was done 
and all Ey 21.5 (251) had their signs determined with 
the following assignments: 
Symbol Sign PrOpab imal, No. of Determinations 
Come G - OS'S OF= ARO 76 
CDE G + Orco0 i 
B. SEG - QO. 8S Onsen 010 14 
B E G 4p 0.900 iL 
A EFG c 0860's 7000 47 
BC EF c 0,940 1 
BC *EF + OTSs ON 70985 9 
ACE + Oe O60 =4 010.0 54 
AB i = 0.940 a 
AB F + 0.860 -0.992 12 
ABC G = 0.860 -0.996 10 


ABC G + O98. 310'=80 29310 2 
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The choice of signs for the symbols when only five 
symbols used was confirmed along with F+ and G-, i.e. 


the signs were: 


INSP 9 Bs, Ca, Di+ (ojre ID) 5 ihae 5 Eel G+. 


These EnKL © were then used to compute two E maps one 
with D-ve and one with Dtve. The D+ve solution enabled 
the coordinates of all atoms, pexceptythe,caroon wand 
oxygen atoms to be found (N.B. with the smaller number 
of E's the D-ve solution seemed more hopeful). These 
coordinates were subjected to two cycles of isotropic 
retinement and gave R= 0.2767 and R, = 0.409. AD we 
Fourier synthesis was calculated and revealed the remaining 
five atoms. A further three cycles Cf sotropivc rer ine— 
Mente =lesuited;in Rye- 0.116 and yn = OS1l58. Refinement 
withpall atoms anisotropiceiiconverd cde wreh ae OO. LO0OF and 
LSE es O-141. Absorption, Correctionspwere perv tormed me tewidis 
juncture and refinement again converged after five cycles 
with all of the atoms anisotropic with) Ry = 0-062 /and 
ee Oe 2 OZ. 

Comparison of the obiserved and calculated structure 
factors, especially at low sin®0, indicated that secondary 
extinction effects may be affecting the refinement. Thus, 


secondary extinction corrections were undertaken using 


the method of Zachariasen./*’ Zachariasen defines 
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where ae = the observed structure factor COoOnmectedi tor 


secondary extinction. 


Pebe = the observed structure factor 
eins the observed integrated intensity on an 
arbitrary scale 
Kr © "= scale factors smefined anv the program crucs. 
B(28) = angular variation of the extinction 


CoOmaeicre One ieiyis assumed to be normalised 
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B(260) may be expressed as 


8(26) = Polarization Term: —= (26) 
aro, 
AGL CO} 
ee an” 
where A (20) = aa at 26 
* 1 a a 
A ° 
a 20 = 0.0 
and AY C0) du at ZU 0 
and aA* = 1/ (Lransmuss ton seactor ,h) 


Thee polarization term for Picker dittractometer gqgeometny 


asi: 
(l + cos*20 ) (cos*286 + *cos 26) 
m™m m 
(cos*20_ + cos 20) 
where 26 = 260 angle of the monochromater crystal. 
m 
and 96 = 20 angle of the reflection under consader- 
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The ratio A (20)/A (0) was evaluated, numerically, 


as follows: 


* 
AGA C20h) 
AA (0) 


WE) 
AA(28) 


where AA was computed by taking the difference of two 
Evansmission factors calculated with tne absorption 
COCCHI CLlent, i, Havang the valueceon Vmand. (i tO. lies 
Three cycles of refinement were undertaken refining the 
Secoldaryoecxe tinction cocliteilent, CC /vasewell as) aligethe 
other usual parameters and resulted in R, = 0.060 and 
Roe 0-097. 

Themvalues-of the extinct1on scociiucivent, and wes 
estimated standard deviation along with no improvement 
in the agreement between ee at Low sang wandicateqd. thet 
the éxpected secondary extinction effects were not 
Bice icantean this structures. “lwosmorvesicycles@or 


refinement without secondary extinction corrections 


converged to Ry, = 0.059 and Ry == 0)-083- 
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An electron density difference map based on the 
finaleparameters contained no ~residualepeakseaqreatear 
SA ae) 
than 0.:46e7/A. An attempt was made to find the methyl 
hydrogen atoms, but was unsuccessful. The experimental 
weighting scheme satisfied, within acceptable limits, 
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RESULTS 


Pigure 12 is a perspective view of the VOCs etlie rs 
molecule, indicating the numbering scheme used. Figure 13 
is a side view of the molecule showing the bending of 
the ligands, and where Ml and M2 are the mid-points 
between the atoms S1-S2 and S3-S4 respectively. Figure 14 
shows the molecular packing of the molecules projected 
onto the ac plane. Tablewe2elasts thestanal caleu lated 
and observed structure amplitudes. Table 26 Leportsrthe 
fractional ycoordinates and the equivalent itsetropie 
temperature factors, while Table 37 lists the anisotropic 
thermal parameters. Tables 38 to 41 contain>data on 
intramolecular distances, intramolecular angles, inter— 
molecular non-bonded contacts, and least squares planes 
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DISCUSSION 


The crystal consists of discrete molecules of 
VOLO Bers which have no crystallographic SyYNMetEy ss the 
approximate Oo Symmetry Yor the molecule 1s maintained 
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oy. As shown below the coordination around sine 


Vanadium is Square pyramidal with only slight deviations: 


S4reers.357 3) $1 


fo} 
The average vanadium-sulphur distance of 2.419A lies 
° 
WHEthanethe range ofppublishedsvalwesj7e2533 SA stor 


fe) ° 
6 6 G7 
MiGs, Gk has 236A. Loe (Me,N), ([V (mnt) ,], ande2 451A 


74 


Voie, BhORE) sla: Thesapsacaleoxyqen-vVanadtum atom bond 


lengthhesybi503 (5) Anadwhichytseowethrn et neguangegorgl.oc] 
° Se kas 
PRG7A) reporntedsby Pother awovkers efor) vanadyl! Fcompoundse 
Sulphur-phosphorus, phosphorus-carbon bond lengths and 
ligand angles (where applicable) for this complex are 
inpvescellénteagreementuwith ethosenotetneser (Se RMe> a and 
Co(S PMe ) complexes, as well as Withesime lars compounds. 
2 25 a2 
Rhecemiteatunes wil bbe discussed, along with the coordina- 


tion of the phosphorus atom, in) the finalechapter. 


Nes as Ti 
eae Loe 
soniye 
oF A 

i See Bincennonriaeee 
- igemameasine ek e4vcotne. aay te akin. Pe 
braph? dose ks Hades ofdersehin Gee mt apeta a 
ae ‘Sons 763% roti ine ot on padtieret att 
ae Tawieae not etl Ste 05 ake veled sede 


-eoolgabeelt Seetrtedsfag, ttle thSheeeg saree ol red | 


&z if where So acrezedl ve dgiee -trlbhenayv egetara odt 


7 ‘ 7 7 = > 
serlette.t +tprteey beetebiagg, 30 spear of? aidtby. 


a <= —_ 


& = i > be ave 
ALS. & one A wed V 1 th wey <5> 43%. t, “a is® tS) 

: . 
Ls 


6nS% woth wabiare (-ae Syne toate =e ‘ “aha a8 a 
. - 
be, £ Te GRw. dic noe sty ee Ame Sees pees. es: 
 (feonquee IvGcaet ret erediow ewreea eh bes i | 
aid eAcuaet Eipest cetsan~aMseageedt opie vi Que 
eis safgeu? <td? x07 tay Seiad 
bas tant areas ae eae | * 


ad ae oi ~e re ih _ . tbe $193 
pws an 


_ 


’ 


— 
tS 


1-37, 


The molecule exhibits bending of each ligand about 


the sulphur-sulphur line similar to Cr(S,PMe,) but to 


37 
a much greater degree, the dihedral angles sare L666. 05 

and 154.0° (Figure 13), while those for the chromium complex 
awe) le 22 ilo? ands 17 749°. se EOrust tes Cc cA ep Oe ECGs 

C4) ligand there are no intermolecular approaches less than 
Seon) Witte ior the (S17 .'S2 Pier Cig=soo) ligand there 
aenenuvOecC lLoserapproach ditetances, svi. 3.33a between Cl 

and O and 3.37A lyeyenysnieia (2 Eelingl ©) ((Gteliowa ZAi0))) - These latter 
valuecsmare’ in the range of the sum of Van der- Waals radii 
for an oxygen atom (ean and a carbon atom (aaa) orea 
methyl group (2.0A).° All other intermolecular approach 
distances are normal, greater than Bu83h. thus bending of 
the ligands seems to be the method by which the crystal 
achieves stability between attractive and repulsive 
intemsmolecular forces, All other SU PR> momomeric ligands 


3-76 ,96 Way, 


(R = OEt,” EP ha, ) reported (except for this thesis 


and NasGo,Eies) are planar because of restrictions 
due Lor,cryectallographic symmetry. 

The molecule has a psuedo mirror plane passing through 
thes pl, Vi, 0, and P2 atoms. (Table 41) ) The yiour carbon 
atoms are almost coplanar with this plane, the greatest 
deviation from the plane being 0.102A £or Cilswhiate vehe 
sulphur atoms are appoximately equi-distant fromethe plane. 


The four sulphur atoms are themselves planar with a 
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0.681A above the basal plane defined DY SENG we Loure su tp hu 
atoms and the dihedral angle between the planes (S1,°s2, —\) 
ACen 3.57; oo pe VO) tS 1350 oe whd oh may be compared to 

USA oSB© sore viola cen en ILS 5 2 geese 0) (aicac } jai * and 135 .6° 
LONG WAS Ube yes ae 

The coordination. "pyramid data for this anda the 
three previously determined vanadyl complexes is summarised 
in) table 437 and as analysis will ‘show the corresponding 
angles for each complex lare cqual within vexperimental error. 
The distances of the vanadium atom above ais basal planes 

° ° ° 
aver 0. 50h for VO(acen), Of55A tor VO(acac),, and 0.54A 
for VO(bzac), and are consistent with the value of 0.681A 
fan, VOCS EME os the difference being due to the increase 
Om the vandium-ligand dwstance "from an average Vength of 
1.98A for the three previously determined, structures to 
2.42A for VO(S,PMe,),- 

Wages aS ite sbinGla@eicaoem, am cle Soluce Staite, Oi Cwein 
weakpcoordanation to the vanad iim alomuingthe Vacant cata 
Coordinate posation from below the basal plane; Une clocece 
approach is 4.12A by a C4 atom. Similar results were 
found for the other complexes although Dichman et al 
Fecently ceported the structure of the [VO(acac) ,],: ee 
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Pasition with a vanadylsoxygen bond «length ch “255 TAg A 
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similar result was: found by Ballhausen @?t @ for 


® aera age STLEte£  sthasotey a8 
a » 8, tote 


. 


ais hes e280 348 Stnt *eiassyo’ scbtexissnes 


‘iseeeeerns 21 kézdlanee Lybeosy Geningaged <teseiee 
dst 4 1b 


: 7 
urtbns¢qsetsee  eAs weds ita ateyians an bas -€6<6 
: 4 


-3ezx0 Aedhenl toqee ny totw ones Wan sian’ aaa 193 38 ne 
j - 

yeWaly (eae G43 e¥ods Sets mifbedsy ons 20 nvomsdalh at 

> 


- 


bs ' 7 . 
ASCO) Hise %, ft Ome P 32. W2 BC tea OV +02 A0e.8 &2 ce 

4 
nivas0 t>-e0lnv ada Gortw aoecelenes O86 See _teataloe a 
e260 7 707% SC GU Gee nz7ad) Héretelt ive: avis eee oF 
Ve nV ad BPOTSIH ke tent boako 2th Nags t-a0 sbaee od? 
esp 25020" io ipisas5. yi@saives? avuai ed? 202 “f 

ow 

» at? Me nad a 


. <a" 
sews it ,ecbe® bolen. 204 Be vogades tent aon et asedt 7 


= 


wie toheney SH) at fete oebhanay Ose .02 noiteaihxoo ate ns 
ee 

iseca!n Sette eneta Yaeoed 443 Gehed weet 2eistaca «tsalbioon 
o-_- 
6220 aPLuens sefkiel® (afk $2 2 oe. ask.2 ai ds 

To 44/ retsteis (penitte wernbgmemw sedec watz 36 

=Byd fy (Yann}we) Gitf 36 ea rae ‘wt har ieue 2 


Sean daube. “in ar re seis oe? a 


a ie: edus —< 


‘ . at teers 
; ens © Aa ~<s ee pepe . 
7 =~ 7 uae " oF 
> 


= Ay 


> 


_ 


a . eee : 


=) 


139 


e(9e2q) 04 


p 


ZeyzO YATM 


ance 
CSS as 
Co C28 
CeiG 728 


(e)e> 98 


Ome OR. 


Cie Ome 20nL 
(7) 6 90T 
Ov )0= 70% 


(7) 9° 901 


S6°S8 €°S8 ic Se 
(€)6°98 Lie eee CL 0n Ze 
(€)6°€8 [(€) 6°62] (L)07°88 
(€) 8°48 eee cet (i) Goce 
(€)€°S8 (€)Z°98 CL) asa. 2 

Z°90T 8° 90T Z 501 
(7) 8° POT Gy 6001 CZ omcon 
(v) pv" 80T SIS Ee (Z)S° 90T 
(vy) 9° SOT (€)0°90T (7) 6 SOm 
(vic 907 (€)p° OTT (Z) 9° 80T 


) 


z 
> (925e)OA eptgneed OS 


pad a 
Bae 


a 


e (°8Wd*S) OA 


SheADAVW 


SHbeADAYW 


(se9oz6eq) 


*‘soxaTduop (AI) wntpeueaAoxo po jzazodsy 


“(ona -GyOn SO UOTIeUTDAOO) Unto eUcA, Sua) yo. UCe Ia e dues 


eT buy 


: aTAPL 


cv 


af 
gp (aenal 9? {en45i/Dy 


—_ a 7 


oa. 308 EPL Vere. OSL 
aa CEI) tO (P13. 207 (A109 Gh: 1£). S-éGE Aart 2 7 
— (Pe. acz \bynay gee “tert eur (ehaepat Asie. > 
= : tahocege (ere, aot iif) torent) (era cease Pi tact se) . 
eas. Busot Gras b,9%  spnaees 7 
ays er (rpesde (Pi seen (TI 24..°R oe oe 
WaT are (eve. % ks Sad 9d Bae ce a. a | 
$e} 2.56 pare ek (ie ayer! a9 ou: ,@—te, 
(tr t-T2 (2) 8. 35 Pent .FFs (VSO ee perry 
Sees 7. es +. Eels zo, ie Bie aee Ss 


140 


°“sqzZeyYoezrq ut pasojTous aze woze usborzqtu HSuTtatoaut aoe 
*“soseujueted ut Seandbtz AZuUeOTTTUBTS AsesT JO SuUCTAeTAVp PTepueIS. 
"61h “OU Sousa oOgzoy *aqzeuoqe0eTAozusqstq (AI) TApeuen, 


VSR Te OU Sotietete 170 970 8eD DOC sO 6] ees Cpa Uo ot od 


otdozzostue oy} wory pouTeIqo sesouW e7e SONnTeA “aS RZeUORZSOeTARSOeST (AL) TApeuea, 


“¢8 aAoqunu V<oOUSsTZSTOY 


BAO ATIOOdS ome ON@epure tN lo 4%@oO 02 spuodseaz0D "y pues 4 oy Tey ty (usde)OA ao ae 


Tipe PaooOs ot Coupe 86S “pico "Ts an spucdsea2700) Ty) pur fey 4 oy ty Cawd’S)OA 20g 
tt I ) e 


(Ot cron COME Gast (7) Ges" 1 (S)eso "Tt O-A 
(5229) OA 6 (9202) OA (uede)OA €(Cowd*’S)OA (WwW) soueqstad 
Ge aL Ge Lal chal 6L°LYT ebezaay 
(2)G567L Ce) OF 60 Pe) 17 el (8) co 67r "W-A-¢YW 
Ce) SORT Coy eect BCG). OST] (8) Seer & fw-A-'wW 
Di ago ap) SRD) ORs Pah LACES yee Waa) On (soozbeq) aTbuy 


(penutqzuood) EF eTqeL 


“ 
— 


ae. 
7 7 2 (osesyOv 


coe —_~ 
cpaeyOV 


a 


. — 
= _ 7 
Witt OF, 


(inate. cee (@,22. bez 


Agye. Ee 


PERS. d 


ic > Se a4 new? BS 
AQQDSIOSLIG 24) 7) 


141 


VOSO, *5H,0 where the ‘bond length" of the fifth water 
molecule was 22235 a. This adduct; duftfers from the 
other vanadyl complexes in that the angles O-V-Ml and 
O-V-M2e(see Pigure 13) Us l0s2°, white stor the:penta 
coordinated complexes these angles had values of 11241.5°. 
This difference is probably due to coordination by the 
sixth atom, thereby compressing the tetragonal pyramid 
coordination of the vanadium atom. | Thus sit 1s8evident 
that when there is no modification of the vanadium 
Cooraqination by a Sixth atom =the dominating feature of 
oxovanadium complexes is the unchanging coordination 
pyramid of the vanadium atom even when different ligands 
are present. However, intermolecular forces have a 


considerable effect on the geometry of the ligands. 
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THE (Sek) LIGAND 


Molecular dimensions for Cr(S,PMe,),, Co(S: PMer) > ., 
2 25-2 


and VO(S,PMe,), are compared with other S,PRo complexes 


in Table 44. The average value of the sulphur-phosphorus 


bond sVength tore thevicomplexes of this) thesis is 0.017A 
longers than for the other dithiophosphinato, complexes. 
Also when compared to the 1,2-dithiolene complexes the 
metal—-sulphur bond length i's 0.255 OM Che Ir. 

Estimates of the expected bond lengths may be made 
Using the sums of covalent radiw. “For chromium (iil), the 
covalent radia of 1.45A was derived from the difference 
of the (Ce Na) bond length in [er (SCN) eeCTEN) Shee ame and 
the radii of tetrahedral nitrogen (0.70A) .° This vaiue 
when summed with the covalent radii of sulphur (1.04a) 
Gavesrar bond length of 2.49A. The covalent radii vot 
cobalt(II) Wwasesimilanly estimated ~ausing sthesCoacy 


1253 


bond length from CoG 25, and gave a cobalt-sulphur 


° 
Dondwteugth Of 2537/7. Sulphur=phosphorus and phosphorus-— 


Garbon) lengths were also estimated. The results are as 
follows: 
fe} Lo} 
Distance Dee aimeeeel! (CA) Found (A) 
Cl Per ae 2.436 
€o-Ss 2 ei/ 2s eiO 
Sle Zia 2.014 
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While the estimated chromium-sulphur bond length is 
longer than the experimental value the difference is 
probably not significant, as the error in the chromium 
radius may be as high as five per cence; “similarly for 
the estimated cobalt-sulphur bond length. 

ASmtheresis aslacks ofaVvidlV)edatal the! acceptabigvity 


of the bond length was estimated as follows: 


V-S in VOteZ ene = 2B AILS 

V-O in VOacaca mae: = 1.968 

clr e= 900 24500 
W@eeiecinacieeiL weyelilws ose © = 1.204 
Tetrahedral radius of O = 0.66 
e : 2 

ave = Q0O.38A 

¥ ° 

6 ha hs = O.O7A 


Iigue Gliese Gresinee Oe 0.07A HOw eine VO(acac), complex when 
compared with VO(S,PMe,), indicates that more delocalisa- 
tion may occtr in the acetylaceténato ligand than the 
dithiophosphinato ligand (although the difference of 

0.07A He"of the eAame order as for” the chromium and” ccobalt-— 
sulphur bond lengths, more epee econo may be attached 
to it,because of the similarity between the two compounds, 


VOCS EME Ts and VO(acac),, being compared). 
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several structures of the pope ligand may be 


drawn implying a certain amount of delocalisation in the 


chelate! s electronic Structure. Jorgensen’ © 


Stated that 
the sulphur-phosphorus bond for the 0,0'-dialkyldithio- 
phosphate ene has very little double bond character, 
but the average value of 2.014A for the complexes of 

this thesis and Weeavainys FOretne ppOtaSssi uM Satt Bor 
Tepscocrye Na are closer to the calculated double bond 
value of 1.94A than to, the single  bondysum of i 


oe reposts a. value of 1.908 £om a P=s spond 


Lawton 
ine tCy = C,H,0), 25,1. and on this Deascis a sulphur 

phosphorus bond in VO(SjPMe,), has a bond order or -~1.50 
Hence there is delocalisation of the odd electron in the 
T systenover the threesatoms which icoordinate witch the 
metal 10n to form the four mwemnber edjscie late snings eekhis, 
ac well asthe Longer metal—-sulphur bond Lengths in the 


SER, complexes when compared, to the li, 2-dithiolene 
Gomplexes, does not necessarily imply the existence of 
Metal-Ligand 7 bonding... For this )to joccurs the ligand 
mobvecular .orbitals haves to be (ot the cornvect symmetry and 


corresponding energy for extensive overlap and bonding 


with metal valence orbitals to occur. 
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For the complexes Cr(S,PMe, ) and VS LM Coy) the 


3 
major feature of the ligands is the bending about the line 
joining the sulphur atoms of each ivgande.) This flexing 
does not seem to be a function of the 'bite angle' of the 
ligand or of the metal-sulphur distance. Thess metal, 
sulphur, and phosphorus thermal parameters for other 

S,PR, complexes, that were not restricted to a planar 
ligand because of symmetry, were of such values that 
disorder and therefore flexing of the ligand may have 
been ai sguased by thermal motion. =the only excepeaon to 


8 0 


Eno eS othe Nis, Mem) complex where the phosphorus 


2 
AeOM Ceviates Signiticantly,, bul not too much,» 17 om the 
NiS, plane. 


Apparently stor Co(S,PMe,) the flexing of the ligand 


2 
and/or the strain of ring formatyvonewas sexcessiy oeanded 
polymeric species was formed; White thes sulphur-phosphorus-— 
sulphur bond angie is comparable to the other two complexes 
thesbigand “bite angie! sis =10270° 1207628 207 Cots Me). 
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